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‘$0 They Dumped an sad 


Comp essor 7 Our Lap! 


“It’s Yours, Old Man,” said the Sullivan Machinery 
to the Allis-Chalmers engineer. “All that Compress 
needs to make it happy is a motor. But it's gx 
have the right qualifications before it can keep cy 
pany with my machine!” 


















**| Don’t Want This! Looks like the motors in San Fran- Well, That Compressor Manufacturer made out he 
cisco and the compressor’s in New York. What I whirl. Lighter . . . more compact . . . simple des 
want is a motor that'll hug that compressor so close . . - rugged construction . , . trouble-free... 
you can’t tell where one starts and the other ends. were only part of what he wanted, So we 





It’s got to...” and figured and made designs... 























Result: A completely integrated package unit with a We Cut Overall Size by pressing the rotor on the om 
mighty saving in space. To install it you only had to pressor shaft. That eliminated motor bearings # 
connect the leads and it began to purr. Speaking of with it lubrication worries and any chance of 
purring — you should have heard Mr, Compressor lignment. A new type of housing reduced welg! 


Builder when he saw the finished product. helped pack more hp into less space. Aig? 








There’s a Moral: Every time Allis-Chalmers 
engineering solves special motor problems, 
we discover new ways to build better stand- 
ard motors for you. Watch for these new 


_cHAt 
and better motors from A-C. ALLIS 








HEAR THE BOSTON SYMPHONY: Every Saturday Evening, American Broadcasting Co. 
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BODINE OFFERS... 


GREATEST NUMBER OF 
STANDARD MOTOR SPECIFICATIONS 


























Sleeve or ball bearing 


Quiet running 


Compact 








Machine designers, appliance manufacturers, and instrument makers 
can profit from Bodine’s wide selection of standard fractional horsepower 
\ motors when reconverting to civilian production. The Bodine line com- 
prises over 3,000 standard motor frames, sizes, and windings. 

With this wide Bodine selection there is no waiting for special frames 
to meet unusual space requirements . .. no special windings . . . no design- 
ing of special gear ratios, because Bodine’s speed reducer type motors 
alone exceed 2,000 combinations. There is a standard Bodine motor to 
meet almost every space and service requirement. 

Also—one other important consideration: The Bodine engineer is ready 
to help you in problems cf motor application. His service is available 
without obligation. 


BODINE ELECTRIC COMPANY 


2258 W. OHIO $Y., CHICAGO 12, ILL. 















A SIGNAL “SCANNER” 
THAT TRANSMITS PICTURES 


Transmitting pictures by wire or radio is done by a signal “scanner.” 
A photoelectric cell picks up light and dark reflections from the original ; 
copy as it is scanned on a revolving cylinder. 

The contrasting reflections are transmitted as impulses and are received 
by a somewhat similar instrument at the receiving station. 


For accurate reproduction, the revolving cylinders of both sending and 


receiving instruments must be perfectly synchronized. The clear repro- 
duction obtained from Alden Standard Signal Scanners is due to the 
closely synchronized mechanisms driven by Bodine speed reducer motors. 
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POWERFUL 
STIMULANT 


4a With eleven years’ previous experience, it was logical for - | 
M4, . Chicago Rowhide engineers to tackle the oil sealing ago! 
lems for military vehicles when war came. 


_'. which we entered the war, and did a good job. Bi 

When the successor of this tank was designed for ~ 

. greater sed, the oil seals were improved to meet the more drastic speed. 
requirements, - 


Later on, the entire track suspension was revised for greater effectiveness, and” 4 


again Chicago Rawhide engineers improved oil seal design to meet requirements. oe 


Practically all our military vehicles today are Paiepes with oil seals of sea ae 


~ Rawhide ‘design... 
This wartime experience will materially did in giles. you isitter seals for your 
"postwar products than oo ‘ever had before Pearl Harbor. 


_ CHICAGO RAWHIDE MANUFACTURING co... 


1304 ELSTON AVENUE e- CHICAGO, ILLINOIS 
<A pial inet diet ily vincbtill tian (iele teitanindy tak serv Cirvsan Syst Wellies 
Philadelphia * Cleveland + New York + Detroit © Boston © Pittsburgh * Cincinnall 














Chicago Rawhide seals were used on the tank with. Bee, 
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Porcelain Enameling 
on Inia 









FOR 





.-- Increases Productio 
»«- Lowers Shop Cos} 
.-- Assures Highest Quali 


ei 


he for the : Inland research has given the 
new bo porcelain enameling industry a new 
~ 7[-NAMEL Bulletin! alloy steel base —TI-NAMEL— which 
> rer eliminates the standard cobalt ground coat 





: 
3 


a 


Inland TI-NAMEL simplifies shop operations by its superior forming 
qualities, by the elimination of ground coat operations, and by the 
reduction of enamel shop re-operations, edging, and scrap. These factors 
make floor space more productive, increase output, and cut manufacturing 
costs, without any sacrifice of quality. Finished products made of 

Inland TI-NAMEL are fully equal to the best multi-coat ware and 

they have longer service life. 






Pending patent applications on the new enameling process and product 
made thereby are owned jointly by Inland Steel Company and 
Titanium Alloy Manufacturing Company under trust agreement. 






Principal Products: Bars, Structurals, Plates, Sheets, Strip, Tin Plate, 
Floor Plate, Piling, Reinforcing Bars, Rails, Track 
Accessories. Inland Steel Company, 38 S. Dearborn St., 
Chicago 3, Ill., Sales Offices: Cincinnati, Detroit, 
Indianapolis, Kansas City, Milwaukee, New York, 
St. Louis, St. Paul. 
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3 NEW MODELS OF THE 


é 


VARIABLE SPEED DRIVE 


at Greatly Reduced Prices 


Prices are less than hoff previous figures, due to design sim- 
plification and volume production....Drives with built-in motor 
(shown above) are a streamlined extension of the motor — t 
the ultimate in compactness....Every speed from top fo zero, | 
exclusive with Graham—close speed holding with micrometer 
speed adjustment—plus all the other features that have made 
Graham standard equipment on many leading machines for 
nearly eight years ...now yours at a price comparable with 
that of the lowest-cost variable speed drives... . Principal 
specifications below.... Write for further data today, so 
that you may consider these units for your new machines. 


GRAHAM TRANSMISSIONS INC. 


3754 N. HOLTON ST., MILWAUKEE 12, WIS. 







































































'n bb | Appros Inches tn. Lbs Appros. inches 
Torque Rating Overal! O orqve Reting| Overall Dimensions 
- . = — 
- - € 22 =: z - 2 irs 39 sslezile < a 
> -<?ia2zzs vl Evict 4/2 3 > - z © sz ¢ 
3 | gE/SEF /2E/2EeSHS)2] 2 3 EE) S38) 22 ZEST | 3 
3 | PEl)sh2 [23 \28\E?ZE|2) 3 3 | RE) 385) 28 chivas 
Fer Coupled Motor or Offset Dri ‘ “ 1SMRS | 3600] 220/0] 15] 35| 13 |454|6% f/ISto% 
ive 1S 3600/1100/0 | 3.5| 7.5) 8% |4%4| S34 /1/1Sto % With built-in motor and built-in 
spur reduction or step-up 40MRS | 3600] 220/0| 140] 320| 22} 7 |10 | %to% 
40 | 3600]/1100/0] 30] 70/m%)7|8 | %to% 
3600/2750/0| 1.3] 2.8] 13 |454|6% h/iSto% 
3600 


























1SMS2.5 
125 1800} 650/0 | 120| 240) 21 | 103%) 1t01% a 
40MS28 3100/0] 11| 25) 22] 7 |10| %to% 
| 
15M | 3600] 1100/0 | 3.5| 7.5] 1134] 454] $84) 1/15 to % © ii 
1sMW20 | 3600] 55/0| 35| 75/1234] 454 |5% f/15t0% 













































































a baltie Meter. Note thet the builtin | 40M | 3600)1100/0} 30] 70/1914) 7 | 8 | 40%] With built-in motor and built-in worm | 4omw20 | 3600| $5/0| 300| 700| 22 |8%|9 | “0% 

2 expecially designed to form en integral reduction. Output shaft may extend horizon- 
~ 4 Sreemlined pert of the drive. 125M 1800! 650/0 | 120 | 240] 30 |10/13%) 1tol% tally to either side, or vertically up or down. |125MW20 | 1800) 32/0/1200/2400/ 34 N24 )13%4 1t01% 
Additional ratios eveilable—6:1, 10:1, 15:1, ete. 
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..-and it looks as if the hungry gentle- rigidity —in literally ons of ie bien, 

man above just can’t digest that funda- conclusively demonstrate the unique fitness fi" 

mental fact. New Departure Ball Bearings for the neW fieel, Ad 
, i hanical. 

But, the fact that “nothing rolls like a ball” scheme of things mechani balls, Adi 


has been digested by machine designers. The We believe no other bearing has as many ad- Bearings: 
simplicity of the ball bearing—which carries vantages as the ball bearing. Partic- | \ a 
the loads on free-rolling, tough steel balls — ularly the ball bearing backed by Roller,’ 
is the answer to many a 64- Million Dollar the technical skill, long experienc? | . = 


Question. and meticulous manufacturi0g | 44’ 





the llo 
Higher speeds, heavier load capacities, greater methods of New Departure. ah ¥, 
Tushes, A 
ble con; 
There is more for you in New . Cams, Edi 


Departure Ball Bearings than 


steel and precision. Advenced = WEW DEPARTURE tng 


engineering and a desire to sss | Centrify 


serve are tangible plus values. BALL BEARINGS Die, Ad 





Principal © 
NEW DEPARTURE + DIVISION OF GENERAL MOTORS © BRISTOL CONN « Branches in DETROIT » CHICAGO « LOS ANGELES and Other 
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| Mtemized Nndex 


Classified for Convenience when Studying Specific Design Problems 


Design and calculations 

Airliner designs, Edit. 145, 164 

Analyzer, chemical, Edit. 108 

Computing mechanisms, Edit. 141-145 

Glass-steel bond, Edit. 110 

Inventiveness, Edit. 164 

Materials specification, Edit. 111-116 

Patents for machine improvements, Edit. 
183-136 

Recorder automatic, Edit. 147-150 

Resistance welding, Edit. 101-106 

Stress measurement and design, Edit. 
127-132 

Timers, Edit. 137-140 

prem machined parts, Edit. 117- 
1 

Vibration nomograph, Edit. 155-156 

Engineering Department 
Design service, Adv. 339 
Equipment, Adv. 48, 62, 215, 288, 304, 


$80, 3 
Supplies, Adv. 56, 192, 310, 344, 354, 
$64, 368 


esting, Edit. 108, 110 
Finishes 

Electroplating, Adv. 273 

Enamel, Adv. 4 

Lacquer, Adv. 384 

Paint, Edit. 109 

Plastic, Adv. 316 

amish, Edit. 166 
Materials 


juminum alloys, Adv. 35, 244 
Babbitt, Adv. 356 
Bronze, Adv. 67, 320, 350 

arbides, cemented, Adv. 231, 240 
opper alloys, Adv. 68 

elt, Adv. 245 

Tiction materials, Adv. 181 

lass, Adv, 315 
Magnesium alloys, Adv. 169, 299 
Manganese alloys, Edit. 157-162, 168 
oly xlenum alloys, Adv. 185 

ickel alloys, Adv. 13, 193, 259 


Plastics, Edit. 170; Adv. 63, 200, 201, 


_ 204, 266, 275, 281, 299, 345 
lubber and synthetics, Adv. 55, 88 
hilver alloys, Adv. 321 

Neel, Adv, 10, 300, 312 


hills, Adv. 352 
edie 


gs: 
Ball, Adv. 6, 11, 222, 283, 265, 369 
Ree” Adv. 87 
oler, Adv. 50, 61, 65, 196, 207, 251, 
258, 306 833 


Sleeve, Edit. 107, 115, 165, 172, 176: 





_, Adv. 24, 167, 228, 247, 318 
bellows, Adv. 12, 78 
belts, Adv, 69, 84 
Brushes, Adv. 94, 344, 878 
able controls, Adv. 374 
ms, Edit. 138 
om parts, Adv. 202, 203, 237, 376 
Centrifugal, Adv. 224 
Die, Adv, 218, 323 
Investment, Adv. 17, 82 


MACHINE DESIGN is indexed in 
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Permanent mold, Adv, 85 
Sand, Edit. 114; Adv. 81, 86, 91, 97, 
302 
Chains: 
Roller, Adv. 29, 38, 40, 46 
Silent, Adv. 252, 260 © 
Clutches, Adv. 16, 226, 353, 362, 365, 
382, 384 
Compressors, Adv. 47 
Controls (see Electric, Cable, etc.) 
Counters, Adv. 58, 381 
Couplings, Adv. $37 
Diaphragms, Edit. 107 
Electric accessories, Edit. 168, 176; Adv. 
31, 66, 334 
Electric controls: 
Capacitors, Adv. 43 
Contacts, Adv. 28, 305, 348 
Control assemblies, Edit. 148; Adv. 
15, 307, 359, Back cover 
Electronics, Edit. 123-126; Adv. 58, 
234, 289, 294, 371 
Relays, Edit. 172, 174; Adv. 179, 216, 
287, 298 
Rectifiers, Adv. 330 
Solenoids, Adv. 363 
Switches, Adv. 49, 87, 296, 347, 350 
Thermostats, Adv. 64, 35i 
Timers, Edit. 137-140, 150; Adv. 44, 
72, 236, 332, 336 
Voltage regulators, Adv. 41 
Electric dynamamotors, Adv. 322 
Electric generators, Adv. 45 
Electric heating units, Adv. 336, 342 
Electric motors, Edit. 148, 170; Adv. In- 
side front cover, 1, 14, 22, 54, 60, 
76, 93, 100, 188, 190, 191, 194, 
205, 208, 219, 227, 241, 242, 254, 
279, 314, 341, 344, 375, 385, In- 
side back cover 
Engines, Adv. 186, 338, 366 
Expanded metal parts, Adv 256 
Fastenings: 
Locking, Edit. 174; Adv. 257, 286, 343, 
854, 373, 380 
Nuts, bolts, screws, Edit. 146; Adv. 
82, 75, 197, 206, 286, 264, 277, 
336, 390 
Filters, Edit. 168, 172; Adv. 27, 268 
Fittings, Adv. 214, 295, 348, 367, 374 
Floats, Adv. 346 
Forgings, Edit. 118, 114; Adv. 19, 92, 
249, 318, 349, 366, 389 
Gages, pressure, etc. (see also Instru- 
ments), Edit. 166; Adv. 284, 301 
Gears, Edit. 163; Adv. 25, 77, 79, 246, 
270, 308, 340, 346, 350, 366 
Generators (see Electric generators) 
wee parts and equipment, Adv. 311, 


Heat exchangers, Edit. 174 
Heating units (see Electric heating 
units ) 
Hose (see Tubing) 
Hydraulic and pneumatic equipment: 
Cylinders, Adv. 250, 380 
Pumps, Edit. 168; Adv. 9, 18, 33, 
217, 267, 292, 334, 360, 372 
Systems, Edit. 139; Adv. 99, 253, 272, 
825 


Valves, Edit. 166; Adv. 229, 298, 332 

Indexing table, Edit. 163 

Instruments, Adv. 377 

Insulation, Edit. 109 

Joints, Adv. 51, 378 

Lamps and lighting, Adv. 80 

Lubrication and equipment, Edit. 108, 
176; Adv. 355, 381, 383 

Machined parts, Edit. 117-122; Adv. 


Mountings, rubber, Edit. 166, 176; Adv. 
57, 263, 271, 324 

Nameplates, Edit. 172 

Pins, dowel, Adv. 365 

eae pee Adv. 195, 255, 297, 370, 
3 

Pneumatic equipment (see Hydraulic 
and pneumatic) 

Powder-metal parts, Adv. 261, 335 

Pulleys and sheaves, Adv. 23, 212 

Pumps (see also Hydraulic and pneu- 
matic), Adv. 184, 338, 342, 352, 


868, 383 
Rings, retaining, Adv. 328, 331 
Rubber and synthetic parts, Adv. 26, 340 
Screws, power, Adv. 73 
Seals, packings, gaskets, Edit. 110; Adv 
' 2, 74, 838, 95, 173, 198, 221, 225, 
248, 269, 276, 290, 330, 385 
Shafts, flexible, Adv. 342, 364 
Shapes, special, Edit. 176; Adv. 171 
Sheet-metal parts, Adv. 220, 285, 372 
Spacers, rolled, Adv. 213 
Speed reducers. Adv. 20, 21, 52, 280, 
282, 361, 364 
Springs, Adv. 89, 209, 230, 378 
Stampings, Adv. 42, 262, 338, 340 
Thermometers, Adv. 346 
Transmissions, variahle sneed, Edit. 144; 
Adv. 5, 308, 309, 360 
Tubing: 
Assemblies, Adv. 183 
Metallic, Edit. 174; Adv. 34, 210, 211, 
319, 362, $74 - 
Nonmetallic, Edit. 170 
Universal joints, Adv. 377, 382 
Valves (see also Hydraulic and pneu- 
matic), Edit. 170; Adv. 80, 174, 
235, 326 
Vibrators, Adv. 362 
Weldments and equipment, Edit. 101- 
105: Adv. 8, 39, 70, 71, 96, 189, 
199, 223, 238, 239, 283, 327, 379 
Wheels and casters, Adv. 384 


Production 


Balancing, Adv. 329 

Broaching, Adv. 317 

Cleaning, Edit. 105 

Facilities, general, Adv. 59, 90, 243, 278 
Hardening, Adv. 187 

Machines, special, Adv. 370 

Measuring, Adv. 36 

—s and equipment, Adv. 177, 370, 


Tools and accessories, Adv. 274, 352 
Turret lathe machining, Edit. 117-122 


Industrial Arts Index and Engineering Index Service, both available in libraries generally. 








{ } 
la es epee. er 


& 


ES: 


A i RR et 


Sih Maal Se 


i O BA AR 


ROE RY Se LOS ies 


Hobart offers you this design service for this 
nominal fee ... to acquaint you with “Simplified” 
Arc Welding ... the miracle of war production. 
Only with arc welding could the phenomenal 
production records have been established during 
this period. And it will continue to set even 
greater production fecords in the fight for com- 
petitive markets. Investigate Hobart Arc Welding 
today for more profits from your metal products, 
it's “Simplified”] HOBART BROTHERS COM- 
PANY, Box MD-115, Troy, Ohio. “One of the 
World's Largest Builders of Arc Welders.” 
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whether your procuct or applicai 


be large or small... Hobart’s 
tical Design for Arc Welding” 
the job. It’s no trouble at all to che 


to welded design with the aid of this valu 


welding design service. THREE large vo 
of 100 designs each, that have been proc 


into improved finished products for var 


national manufacturers, are yours for only $i 


per Vol., or 3 Vol. for $10.00 postpaid. 





Please send 


without,c 
FREE books I've hab 
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MORE WIRE 
BETTER WIRE 
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Apply large forces through long 
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1. 
...or short ...strokes at vari- 
able speeds? 

2. Obtain automatic work cycles, 
variable speeds in either direc- 
tion... with or without preset 
time dwell? 


Oilgear Fluid Power extends range of | Resenieteaceiele an 


" F o —— “ aes: Satheve- 
cating cycies at constant or vari- 
amazing wire coating machines Sen Saeed 
. Obtain extremely accurate con- 
trol of either position or speed of 
The John Royle & Sons tubers are amazing machines that are coating millions of a reciprocating member? 


e % i . . . Aprly accurately variable pres- 
feet of wire with rubber or plastic insulation each week to meet the exacting sure either static or in motion? 


: : : . Closel hroni . 
requirements of the Signal Corps. Previously, not one of these tubers could dean lonudiaaban. ae 
produce its full capacity; the mechanical transmissions with which they were . Apply light...or heavy... 


equipped originally just were not broad enough in their speed range to permit preg: bade y= ~ on An oly ~~ 
one standard tuber to coat many different sizes of wire uniformly with the distances of travel? 


: . ‘ . Obtain continuous automatic re- 
required thickness of rubber or plastic. versingdrivesatconstant R.P.M. 


But Oilgear Fluid Power could meet that need . . . and did. The Oilgear or over a wide range of speed 


variation? 


_ Transmission gives a broad range of controlled speeds to the capstan and rewind . Obtain accurate remote control 


2 J : ° of speed and direction of rotation, 
| drive of this machine, enabling the latter to handle rates of acceleration and/or de- 


more sizes of wire and to do a much better job of celeration? 
° ae — 10. Obtain constant horsepower out- 
coating the wire it handles. Similar benefits can be put through all or part of a speed 


° pane . . -_ range? 
yours ... if you will investigate the amazing possi a 
bilities of Oilgear Fluid Power for your straight line 12. Obtain accurately matched speed 
feeds or rotary drives. No matter what your power of various rotating elements? 


ge) arp A ° 13. Obtain constant speed output 
' transmission problem is, you should know what Oil- from a variable speed input? 


Oilgear Fiuid Power enables thi. : ANY. 1305 14. Obtain full preset automatic con- 
John Royle & Sons tubing en oor coe do. THE OILGEAR COMP Y, 0 W. trol, elimination of problems of 
{0 process many sizes of wire with Bruce St., Milwaukee 4, Wisconsin. shock, vibration, etc.? 


vequited thicknesses of coating. You Weed Ollgear { 


Z * 
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For 
Civilian 
Use rl > 


NITRALLOY 
CORPORATION 


230 PARK AVENUE 
NEW YORK 17, N.Y. 





* NITRALLOY — HARDEST STEEL SURFACE KNOWN 


Priorities are off. Nitralloy is available again 
—in any quantities—to fight wear and fatigue 
in civilian metal products. 

The endurance, the selling features, that 
Nitralloy can impart to peacetime machines 
is indicated in the performance of Nitralloy 
in war. In army tanks, Nitrided Nitralloy 
parts operated against each other in sand, 
moist atmosphere and heat—without lubrica- 


tion—and stood up. Engines with cylinder _ 


barrels, reduction gears and other vital parts 
of Nitralloy carried bombers the equivalent 
of eight and ten times ‘around the earth, 
without overhaul. 


Companies Licensed by The Nitralloy Corporation 


Allegheny Ludlum Steel Corp 
The Babcock & Wilcox Tube Co 
Bethlehem Steel Co 
Carnegie-Illinois Steel Corp 
Copperweld Steel Co 
Crucible Steel Co. of America 
Firth-Sterling Steel Co 
Republic Steel Corporation 
The Timken Roller Bearing Co 
Rotary Electric Steel Co 
Vanadium-Alloys Steel Co 
Atlas Steel Limited 


THE 


Commercial Steel Treating Corp 
Englehard & Kenny 


Lindberg Steel Treating Co 
Link-Belt Co 


With an approximate Vickers-Brinell 
value of 900 to 1100—with its ability to retain 
hardness at temperatures up to 750° F.— 
Nitralloy merits the investigation of design 
engineers for extra life and reliability in 
bearings, cams, pump parts, shafts, gears ... 
any application where wear is a factor. 

Nitralloy licensees and warehouses can 
supply your needs today. For details on how 
you may apply Nitrided Nitralloy to best 
advantage, write on your business letterhead 
for booklets “Nitralloy,” “Hardness,” 
“Fatigue of Metals” or “Wear.” 


Met-Lab, Inc 
Watervliet, N.Y 








Philadelphic 
New England Metallurgical Corp Boston 


Beaver Falls, Pa 
Bethlehem, Pa 
Chicago, III 
Warren, O 
New York, N. Y 
McKeesport, Pa 
Cleveland, O 
Canton, O 
Detroit, Mich 
Pittsburgh, Pa. 
Welland, Ontario 


Operating & Accredited Nitriding Agents 


Detroit, Mich 


North Arlington, N. J 
The Lakeside Steel Improvement Co 


Cleveland, O 
Chicago, Ill. 
Philadelphia, Pa 


Pittsburgh Commercial Heat Treating Co 
Pittsburg” 


Cincinneo! 
Lansdale 


Queen City Steel Treating Co 

Rex & Erb , i 

The Salkover Metal Processing Co., Inc ‘ 

Long Island City 
Milwaukee. ' 
Ferndalé, ¥ 

Toronto, Ontaric 


Wesley Steel Treating Co 
N. A. Woodworth Co ; 
Ontario Research Foundation 
Manufacturers of Nitralloy Steel Castings 
Milwaukee Steel Foundry Div., 
Grede Foundries, Inc 
Warehouse & Stock 
A. Milne & Co New 
Joseph T. Ryerson & Son, Inc 
Edgcomb Steel Company 


Milwoukee, * 


York, * 


Chicoge n 


er Philadelohia, F 
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ttery of Homo-Carb furnaces 


or carburizing raceways of Link- 
Belt bearings at Link-Belt Com- 


pany’s Ball and Roller Bearing Divi- 
sion Plant, Indianapolis. 


®@ “Right from the start” Link-Belt bearings are the 
product of the most scientific processes and precision » 
control of every operation. Heat treatment of the race- ~ 
ways and rollers, under modern instrument control gives a 
the toughness and wearability that assure long life, sustained x 
accuracy and free-rolling efficiency. ~ 


Right from the start, and right at every stage, is the Link-Belt . 
method, which makes the Link-Belt stamp of Quality your a 
assurance of satisfaction. 
Link-Belt bearings are made without mountings in ball and roller 
types, and as pillow blocks, and cartridge, flanged, take-up hanger or 
duplex units. Send for engineering data book No. 1775-A. 


LINK-BELT COMPANY 


Builders of the most complete line of power transmission machinery. 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. Offices, Factory Branch 
Stores and Distributors in Principal cities. 9343 


PBELT 


BALL AND ROLLER 
BEARINGS 
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CLIFFORD HYDRON 
BELLOWS AND 
BELLOWS ASSEMBLIES 


Life expectancy and spring rate of 
lows depend upon the strength af 
uniformity of their walls. 

Only hydraulically-formed bellows 
have walls of pretested strength a 
absolute uniformity. 

First to produce hydraulically-formi 
bellows for industry, Clifford has mat 
tained leadership by developing uniqi 
metal-working procedures and by 
signing bellows to meet the most « 
acting specifications. 

Clifford specializes in designing a 
producing bellows and _ filled bello 
assemblies for industry. Save tine 
trouble and money by _ submitin 
sketches and data before designs ! 
too far advanced. Clifford Manufactul 
ing Company, 566 E. First St., Bost 
_ 27, Massachusetts. 


. HYDRON 
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They wanted... 


to time bullets 






The engineers of Fairchild Camera & Instrument Corpora- 
tion had an idea! 

Why not design a compact, electrically-controlled ma- 
chine gun synchronizer to overcome the drawbacks of 
bulky, complex mechanical types? 

Then, there’d be no limit on the number of guns that 
could be fired through the prop. The rate of fire could be 
kept up regardless of how fast or slow the engine was 
working. Fire power could be concentrated in a more dev- 
astating pattern than is possible with guns strung along 
the wings. And, adjusting time could be reduced from 


























TRIGGER MOTOR of the Fairchild Elec- 


hours to minutes. tric Synchronizer. Mounts on side plate 
But after electrical and mechanical details had been of the gun, and provides constant fire 
“ ‘ a z nae power at any engine speed between 900- 
worked out, one big question threatened its practicability. 1440 rpm. Total weight only 9 pounds. 
Was there a metal with all the properties needed for the 
most vital part? ) 


That part was the trigger-motor armature. It had to be 
small, lightweight (214 oz.)—yet tough enough to exert a 
55-lb. punch and take a 110-Ib. recoil 72 times a second... 
It had to be heat-treatable to Rockwell C 38—yet machin- 
able and ductile enough to permit cold-working . . . It had 
to be non-magnetic for operation in an electric circuit... 
It had to resist fatigue, warpage, and corrosion in jungle 
heat or stratosphere cold. 

Quite a large order for ove metal to fill. But production 
went ahead, for such a metal was available...“KR’” MONEL. 





* aK og tk 
Heat-treatable, machinable “KR” MONEL is one of the 
; : . TRIGGER-MOTOR ARMATURE (Close- 
problem-solving INCO Nickel Alloys—a family of strong, up view) of the Fairchild Electric Syn- 
to . ion-resi ey’ y chronizer. Machined from"'KR” MONEL 
ugh, heat and corrosion resistant metals They re all de her tech, Wal ake cule GANS” thie. 
scribed in “Tremendous Trifles.” May we mail you a copy? The thirty pairs of boles are punched out 






in one minute. Weighs only 214 ounces 
without windings. 





THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York 5, N.Y. 


NICKEL At, ALLOYS 


°"K" MONEL* . “s"* MONEL* « “*R"* MONEL* e ‘KR’? MONEL* « INCONEL® © “'Z"* KICKEL* © NICKEL © Sheet... Strip... Rod...Tubing... Wir»... Castings... Welding Rods (Gas é Blectric) 
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JUST BOLT THE MOTOR TO THE MACHINE 4 





(or vice versa) fo 


G-E motors like these simplify your design ; 
job, save space, and cut your assembly costs 


FACE-TYPE MOTORS 


Use them where the motor supports ‘the 
machine. Mounting bolts are screwed into 
tapped holes in the machined end shield: of 
the motor. The line includes ratings from 
1/20 to 50 hp in squirrel-cage type, 1/4 to 
50 hp. in wound-rotor type, from 1/20 to 
10 hp in single-phase type and d-c motors 
frém' 1/20 to 60 hp. Tri-Clad type shown 
has foot mounting. Also available without? 
feet. 


FLANGE-TYPE MOTORS 


‘For use where the machine supports the 
motor. The flanged end shield of the motor 
is secured to the machine with through bolts. 
Available in same range of sizes and types 
as face-type with or without feet. Type B 
flange has NEMA standardized dimensions. 


PARTIAL MOTORS 


This type is either closely coupled to the 
driven machine or built right in. Usuolly 
furnished as a complete motor less one or 
both end shields, or less shoft, for applice- 
tions where the machine con substitute for 
one or both end shields. Ratings are the 
same as in complete motors. 


SHELL-TYPE MOTORS 


Used where a high-speed motor must be built 
right into the machine or where a smooth, 
streamlined motor with close shaft or beor- 
ing centers is required. The motor consists of 
shaftless rotor and g¢ shell-like frame to carry 


("stator punchings and windings. Speeds up 


tion on higher frequencies. 
VERTICAL MOTORS 


For direct coupling to vertical machine shafts, 
Five base types are ovailable — ring, foce,. 
tripod, end-shield mounting, and NEMA Type 
B flange. Ratings range from ¥ to several 
thousand horsepower in squirrel-cage, 


wound-rotor, synchronoys, single-phase ond — 


d-¢ type motors. 


- GENERAL 









Cirect-coupled motors that literally becom 
part of your product not only save space 





make for better appearance, but they canc 






be great time savers on the assembly line. 

The G-E modified standard motors 
here have precision-machined end-shield s 
faces and rabbets. All dimensions (and | 
angular relation of shaft to end-shield fa 
are held to close tolerances. This means fi 
you get accurate, lasting alignment 
fussy adjustments. In fact, you just bolt 
motor to the machine and your produd 
ready to go. 
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MACHINE DESIGN IS STREAMLIND 








In bringing your motor-drive problems to 6.4 
you save design time two ways. You saveli 
because G. E. offers the most complete line 
standard motor types and enclosures. Cham 
are that you can pick a motor with exectly 
mechanical construction and torque and § 
characteristics you want right out of the cal, 
log. You save time on knotty motor prot 
too, because G. E. can put an unpardl 
background of motor-application exper 
to work on your specific problem. A call to¢ 
nearest office will start the ball rolling. 
details in Bulletin GEA-4092. 
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Keep on buying BONDS — and keep all you™for ope 


ELECTRIC 
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for processing machines 


SE time switches on processing 
achines are like extra men ona 
syroll. The user merely sets the 
e—the switch automatically 
into action at the second 
wecified. This cycle timer accurately controls a series 
operations from 10 seconds up to 1 hour in length. 
repeats ON and OFF operations at any interval 
ected: within its range. Use it for timing mixing 
achines, exhaust fans, pumps, blowers, filters, and 
imilar machines. Details are in Bulletin GEA-2963. 


New, Senall 


electronic relay 


Because it is able to amplify 
very limited currents transmit- 
ted by delicate control contacts 
or high-resistance circuits, this 
new G-E relay can greatly in- 
crease the use range of many 
control devices. Small in size, 
ght in weight, and easily installed, it can be operated 
ALINE’ O"Y contact-making medium having a resistance 
p to 500,000 ohms (this can be increased to 5 million 
stooeenms if desired). It’s especially suitable for liquid-level 
_ pontrol, sorting metal parts for size, textile seam detec- 
save Mion, and for service requiring a sensitive limit switch. 
te line@pulletin GEA-4214. 



































or the lamps of tomorrow 


E. announces two new ballasts 
fluorescent lamps. The first is a 
‘shaped unit with a center 
bunting hole for use with 12- 
Fh Circline fluorescent lamps. It 
an be assembled on portable 
P stems — concealed in the. 
ump base — or adapted to shallow-type wall or ceiling 
xtures. The second new ballast is a high-voltage type 
operating the new Slimline Mazda F lamps without 
separate starting equipment. Available for lamp 
_ > eirrent values of 100 or 200 milliamperes. Ask for 
Ay PPements 2 and 3 to Bulletin GEA-3293F. 


| you 
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CUTS ROUND TRIP 


S| on all kinds 
R= of cuts 










A G-E adjustable-voltage drive on your planer gives 
the machine greater speed and versatility than other 
types of drive. It accelerates and decelerates the 
table quickly yet smoothly, and permits it to be re- 
yersed many times per minute. Thus, the planer table 
makes very fast round trips, and the user often can 
produce an extra unit of work per shift. 

Moreover, your planer is able to take on a wide 
variety of jobs, because the operator can select the 
best cutting speed for a particular metal and still get 
an extremely fast return speed. The table responds 
promptly to a limit switch, thereby permitting accu- 
rate planing up to shoulders and in pockets. Planer 
operationsis also greatly simplified. Control is central- 
ized in a single push-button station and a single 
rheostat enclosure. The drive is easy to install and is 
built to withstand severe operating conditions with 
little maintenance. 

Why not discuss the G-E planer drive soon with 
one of our application engineers? Complete details 
are in Bulletin GEA-3785A.: 
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Here is the clutch you have long wanted . . . com- 
pletely assembled on the clutch body and shipped 
to you ready to slip onto a shaft. It requires NO 
TOOLS for assembly, adjustment or take-apart. 
Floating Discs are kept apart in neutral by Maxéi- 





SINGLE TYPE CLUTCH used for intermittent 
power transmission. Widely adaptable to ma- 
chine head stocks, gear boxes and V-belt, flat 
belt, chain drive or spur gear installations be- 
tween shafting. Also in a special design, as an 
automatic OVERLOAD RELEASING safety device. 


applications of Maxitorq clutches. 










For SIMPLE SOLUTION OF 
POWER TRANSMISSION PROBLEMS 


Floating discs ... NO DRAG... NO ABRASION...NO HEATING inneviral | 


sistance for the solution of power control problems, with recommendations for the best 
Do not hesitate to ask for this service. 


New Catalog No. MD 11 . . . Now Available on Request 





ae 


modern 






et 
torq Separator Springs (patented) so that you ™ 
can see light between them. Disengagement is ~ 
fast and positive. Check the clutches shown be- 
low . . . one or several will best solve your trans- | 
mission problems. 









PULLEY TYPE CLUTCH all Maxitorq clutches 
are ‘available in V-Belt or Spur Gear Type for 
use on a shaft. Pulley, etc. mounted on the loose 
sleeve of clutch, body is keyed to shaft. Driving 
pulley can be immediately released or connected 
with the shaft. Bi 
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DOUBLE TYPE CLUTCH now more frequent- CUT-OFF COUPLING CLUTCH is used as h 
ly _ as a machine control for reversing motions —_gne-way cut-off coupling (single type) where motors ar 
sede ty a haan pP wret: a: staggaal are direct connected to machines they drive .. - di 
spindles in machine tools. Also as a high and  0tor shaft permanently keyed to one port . 
low speed, or one end as a quick acting positive clutch . . . driving shaft of machine keyed to the . al 
brake. other. 2 
11 

SPECIAL APPLICATIONS: Carlyle Johnson Engineers will be glad to provide as- re 
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Blades for Greathung 


Quantity Production Jet Turbine 
Blades Solved, by Microcast Process 


Flying higher and faster than ever before possible, jet pro- 
pelled aircraft such as the Lockheed Shooting Star P-80 
“breathe” vast quantities of air—supplied by turbine-driven 
compressors. 

In designing blades for these turbines it was necessary 
to use high melting point, extremely hard alloys such as 
*Vitallium, capable of withstanding the tremendous force and 
heat of jet blasts. High melting point alloys being difficult 
and expensive to machine were a problem in quantity pro- 
duction. The answer—MICROCAST, the process of preci- 
sion casting high melting point non-machineable 
alloys which has proven so successful in pro- 
ducing specialty blades by the millions for gaso- 


line aircraft turbo-superchargers. *VITALLIUM opened the way to many design improvements 
Anon-machineable alloy } Particularly where extreme resistance to wear 


and stress is required. 


The MICROCAST Process is foremost in the pre- 
cision casting of specialty blades for power develop- 
ment units. Engineers are finding that MICROCAST, 
by permitting the economical quantity production 

of high melting point alloy castings, has 


COPYRIGHT 1945 BY AUSTENAL LABORATORIES, INC. 


The precision process originated by Austenal Laboratories, Inc., for 


the production of castings of intricate design where accurate dimen- 
sions and surface smoothness are absolutely essential. Small castings 
produced by Microcast Process require little or no machining. Con- 


sider Microcast in your product plans. 


224 East 39th Street, New York 16, New York 


U ST ENA L LABOR ATORIE Ss y INC. 5932 South Wentworth Avenue, Chicago 21, Il inols 
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FREE Bulletin 


New High Efficiency 
HYDRAULIC PUMPS 


by 
LYON-Raymond... }- 


Ak 











You'll want our new Hydraulic Pump bulletin for your design 


s ° oss ‘ , Thi 
reference. It includes types, sizes, capacities, engineering data, at 
and specifications. You ought to know more about the Hydraulic oy 
Pumps that offer all these features: tap, 

tr 
* HIGHER EFFICIENCY fon 
tine 


* PRESSURES UP TO 10,000 Lbs. per Sq. In. 






* LARGE OIL VOLUME PER STROKE 







on 


<<, 


* TROUBLE FREE OPERATION 






* HAND OR FOOT OPERATED 








LYON-Raymond Also Manufactures 
Hydraulically Operated 


i iam Bata ¢; 
Pallet Lift Trucks 


High Lift Trucks Ask for Bulletin 138 
Portable Elevating Tables 


Hoisting G Tiering Trucks LYO N - Raymond Corp. 


Die and Sheet Handling Equipment 
Die Testing Presses 458 MADISON ST. _ GREENE, N. ¥ 


Elevating Platforms — Stationary Type Material Handling Equipment 
Engineered Hydraulic Devices 


an 
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When SCOVILL becomes your METAL-PARTner... 





You Can Stop Worrying 
About Machined Forgings 
like this 


This is a brass part for an airplane car- 
buretor—forged and machined by Scovill. 
Notice where the specifications call 
for the .500-501 dimension, the Class 4 
tapped thread, the Class 3 thread, the 
surface at right angles to the Class 3 
thread within .004 total indicator read- 
ing. This is just a sample of-the kind of 
forging and machining work that is rou- 
tine in Scovill’s Forgings Division. 














+780 OIA. MAUST BE COMCENTAIC 625- 625 DIA. MUST B88 COVCEN 
9° 7-(0703) ORNL -THRY. wren 36-20 EF-3 THREAD Winn ie Pre sr Be 20 £F-3 THREAD 
6-WOLES -LQUALLY SPACEO +006 TOTAL IN OMATOR READING. pai emer -eee TOTAL 7 OCATOR 
2 
“s04 1-164 $-4 TAPPER BPEOIPICATION ‘$8 ri ry 
* owen PO. 1.7 119-1.2702.- MUST BE CONCEN~ pe tae 
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TRIC WITH I O2~309 REAM WITHIN | SWARP CORNEAS 
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SPOR. 
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Ar 
Me-2040 -3TNALA 
-3O2Z~ 308 OM. AEAPI-MUST BE THIS SURFACE MUST BEAT 
SMOOTH ANO STRAIGHT * /6NT ANGLES TO € OF I-20 
< 42 R. AUST BE TANGENT 4-2 EF -3 THREAD WITHIN .OO® 
2% 7091S DIA. " 


Your metal parts may be more complicated than 

our sample ... may be of different metals . . . may 
require closer or permit wider tolerances. But, what- 
ever your specifications, Scovill’s long experience in 
tackling and licking tough forging jobs in nonferrous 
metals plus Scovill’s extensive metal machining 
facilities may be your best bet for saving time, 
trouble and money. 
WRITE FOR MORE FACTS. To learn whether it 
will pay you to make us your METAL-PARTner, 
fill in coupon below and mail it today. Scovill 
Manufacturing Company, Waterbury 91, Conn. 


» Please send me information about your metal-working facilities. |] SCOVILL MANUFACTURING COMPANY 
* Lam isterested in metal forgings for the applications checked: 





Forgings Division 
DAircraft CFire Extinguishers 19 Mill Street 
DjAutomobiles + (C)Household Appliances | Waterbury 91, Connecticut 
O)Band Instruments (Industrial Instruments 
OBlow Torches Plumbing Goods 
Cameras (Pumps MNEs ctiaiesicanpaocineat 


unication Equipment D)Valves 
pressed Gas Cylinders ()Welding Equipment | Company 








_ Other applications 








“ 
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This illustration shows a Falk Ver- 
tical Right Angle Speed Reducer 
and a Falk Steelflex Coupling as 
the power transmitting units op- 
erating an agitator drive in a 
large nationally known brewery. 
This combination of a Falk Steel- 
flex Coupling and a Falk Speed 
Reducer is typical of many such 
installations throughout every in- 
dustrial field. 


IT ALWAYS PAYS TO CONSULT 0 





Proof by Performance is the 
Best Proof of Worth 


Words at their best can carry only a suggestion of the worth of a produtt... 
The final proof of worth—the best proof—is proof by actual performance" 
the field. 


The field performance of Falk Speed Reducers reflects the unusual skills 0 
quired by Falk engineers during their long years of experience in the -_ 
faciure of herringbone and single helical gears, and special high speed drives 


Case histories of Falk Speed Reducer performance in many segments of it 
dustry show continuous high efficiency, and extremely long life. 
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Any Size... 
Any Service Requirement 
can be fully met with 


. Falk Speed Reducers 


Falk Speed Reducers are available in single, double, and triple 
reduction; in parallel shaft, horizontal right angle and vertical 
right angle types; in ranges from 0.13 H.P. to 2000 H.P.; in 
ratios from 1.5:1 to 5.28:1 to 52:1 to 515:1... Available with 
either sleeve or roller bearings... All Falk Speed Reducers 
have a 100% excess capacity and peak efficiencies from 96% 
to 98%2% depending upon the reduction... Symmetrical 
arrangement assures balanced performance... Patented sys- 
tem of lubrication and interchangeability of parts assure 
long life. 











Left: Right angle Falk Speed Reducer with vertical 
low speed shaft. Available in single reduction units, 
1.5:1 to 5.28:1; double reduction, 5.7:1 to 43.5:1; triple 
reduction, 52.1:1 to 430:1. 


Above: Right angle speed reducer. Available in 
single reduction units, 1.15:1 to 5.28:1; double reduc- 
tion, 5.7:1 to 52.1:1; triple reduction, 56:1 to 515:1. 


Right: Parallel shaft, herringbone speed reducer. 
Ratios: single reduction, 1.5:1 to 10:1; double reduction, 
11.5:1 to 70.2:1; triple reduction, 80:1 to 300:1. 


THE FALK CORPORATION, MILWAUKEE 8 WISCONSIN 


For over fifty years precision manufacturers of Speed Reducers .. . Motoreducers ... Flexible Couplings .. . Herring- 
bone and Single Helical Gears ... Heavy Gear Drives... Marine Turbine and Diesel Gear Drives and Clutches... 
Contract Welding and Machine Work e District Offices, Representatives, or Distributors in principal cities. 
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WHAT IS YOUR 


LEM? 


= 


We make no standard type motors BUT . . . if you 
have a special powering problem, we will design 
and build a motor to meet those special require- 
ments. 


Hundreds of machine manufacturers know from ex- 
perience that there is no machine powering prob- 
lem too difficult for us to solve. The thousands of 
custom-built Welco Torque Motors rendering low 
cost, dependable service throughout the country 
today are the finest proof possible of the unique 
and outstanding engineering “know-how” of The 
B. A. Wesche Electric Company. 


1622-6 VINE STREET 


The special motor that others can’t or won't build 
poses a particular challenge to us. In our thirty- 
five years of custom-built motor experience, we 
have successfully solved every powering problem 
placed before us. Because it is a matter of pride 
with us to keep that record perfect, you can de- 
pend on us to build the functionally correct motor 
to meet your special powering needs. 


EXCLUSIVE FEATURE 


The “Uni-frame” construction of WELCO Torque Motors 
provides for an easy interchange of A.C. and D.C. 
motors to fit the same housing or frame. Only 
WELCO has this vitally important feature. 


Write today for complete details 


THE B. A. WESCHE ELECTRIC 


COMPANY 


CINCINNATI, OHIO 
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Yes, it’s a snap to change sheaves now, when you provide 
Allis-Chalmers’ new “Magic-Grip” — fastest mounting and 
demounting sheave on the market. Saves time and money. 


% 


‘SEE WHY THE NEW “MAGIC-GRIP” MOUNTS FAST, PERFORMS SMOOTHLY 


Pesseeqceeeseeseeeeeseeseeeg 


+ RECONVERTING? 


GET THIS 
NEW FREE KIT! 








8 
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‘ 

' 

& 

: 
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1 To help you find out how your 
# present equipment will fit into 
# future production, A-C offers a 
| mew free “Reconversion Inven- 
# tory Kit” — Fact Sheets and 
# Check Lists to speed your ap- 
s praisal of V-belt drives, electric 
* motors, and centrifugal pumps. 
' — to all makes, Call your 
s A-Cdistributor or district office, or 
* write Dept. 57, ALLIS-CHALMERS 
s 6MFe., Milwaukee 1, Wisconsin. 
i 


on smoothly because clearance is 
provided by expanded bushing. sheave.) Then tighten three cap- 
phere’s no hammering — no forcing! screws; sheave is locked to shaft, grips 
implete sheave and bushing unit comes /ike magic! No set screws to damage the H 
tt—teady for quick, easy mounting. shaft. Write A-C for Bulletin B6310. OM A RS BE 2 yest 


Place sheave on shaft. Slides V1 Alignexactly, using straightedge, 


(It’s easy with this free-sliding 


: Allis-Chalmers Texrope : a 
“MAGIC-GRIP”  ) SHEAVES 
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21 JEWEL ENGINE 


Like a fine watch, the Allison engine has a “21-jewel movement” — 


assuring dependability and long life. The jewels are the major silver-plated 


and copper-lead cast sleeve-type bearings, which absorb terrific 


loads and high temperatures from shafts revolving 3,000 


times a minute. * Twenty years ago, Allison engineers 


| 
| 
| 
| 
| 


pioneered the development of higher-precision 
sleeve-type bearings to enable engines to 
develop higher horsepower. Today, in- 
stalled in virtually every aircraft engine 
made in this country —as well as Allison — 
these bearings have made good — at 
horsepowers far beyond the dreams 

of the Allison pioneers. * Now 

Allison bearings are availabl: 

for other fine engines 

and machines to serve 


a world at peace. 
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KEEP AMERICA STRONG 
BUY VICTORY BONDS 


POWERED BY ALLISON 
P-38—Lightning 
P-39— Airacobra 
P-4o—Warhawk 

A-36 and P-51A—Musias ' 
P-63—Kingcobra 
Approximately 70,000 Allison engines 
have been built for the above planes 
the U.S. Army Air Forces. 








LIQUID-COOLED AIRCRAFT EnGines 





ENE! 


DIVISION OF |] cco 


Indianapolis, Indiana 


Every Sunday AfternconGENERAL Motors SYMPHONY OF THE Air — N3C? 
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WER GEARING 


CHEN, ESE AND OTHER FEATURES OF GEARS BY + 


< 
If small gears are involved in your postwar plans, remember it’s 2 job for G-S! rr 
Here, gears from 12 to 96 d.p. are a highly developed specialty. We've pro- % 
duced them in large quantities for many of America’s biggest users for a quarter 

century, or more. G-S methods and machinery have been raised to a degree of 

speed and efficiency unapproached in the history of fine small gear manufacture. 

Discuss your problems with our engineers. Write or wire today. Get sug- 
gestions, ideas, and cost estimates. No obligation, of course. 


stag 
DON'T WAIT!. . PRODUCTION FOR POST-WAR CIVILIAN PRODUCTS IS BEING SCHEDULED NOW! 


[1\ [Re Specialties 


ve planes 6 
a 
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SHOCK and VIBRATION continue to be 
“Engine Enemies No. |." But greater con- 
trol of these "enemies" is made possible 
by a “mechanical detective" known as 
the Oscillograph. . 


Function of the Oscillograph is to "track 
down" the elusive characteristics of rubber 
and rubber-like materials compounded for 
engine mount specifications. 


Resilience measurements under both static 
and dynamic conditions are made with the 
Oscillograph. Determining the character- 
istics of engine mount materials narrows 


1 


pe Ss = Sa Sa f ELE IL RE ILE 

The Yerzley Oscillograph is used by ORCO technicians 

for laboratory evaluation of engine mount materials. 
Typical test charts shown at left. 


down to a finer degree of accuracy. The 
search for the best compound to meet a 
given combination of conditions becomes 
almost a routine procedure. 


The Oscillograph is an example of the 
numerous types of modern equipment 
employed by ORCO technicians to meet 
exacting specifications for mechanical 
molded and extruded rubber and synthetic 
rubber parts and products for diversified 
industries. 


When YOU face a problem in rubber «++ _ 
CALL "ORCO." | 


J BRANCHES: DETROIT +» NEW YORK eC 
| INDIANAPOLIS © WASHINGTON ¢ CLEVES 


TRUM AMLTALAOL LDN TAT ALT 
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O-KLEAN disc-type. Forallfiuids 
cept those containing highly abrasive 
lids. Viscosities from 30 to 50,000 Say- 
lt Seconds. Sizes from 114” diam. x 74” 

tridges to massive motor-driven models. 
ith variety of built-in types. 


ians 
ials, 








O-KLEAN wire-weund. For fluids 
Mtaining highly abrasive solids such as 
ictal chips, abrasive wheel particles, sand, 
tt. Low pressure drop — fluid moves in 
taight line, encountering only momen- 
_Testriction. Constructions to meet 
“tying corrosive and erosive conditions, 


KEEP FLOW ey ON “GO” WITH 


HE “FILTER-FINE” STRAINER 
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‘‘Continuously-cleanable’’ is a big reason why both 
machine builders and production men prefer the Cuno filter 


Machine builders appreciate the compactness of the Cuno — possible because 
the continuously-cleanable feature means no duplex installation is required for 
full flow. The Cuno filter occupies no more space than the usual partial-flow type. 

Production men like the unin terrupted flow. Cleaning the filter is done while 
the filter is still working. Turning a handle (by hand or by motor) cleans the 
Auto-Klean; a motor-driven backwash system cleans the Flo-Klean. Nothing, in 
either case, to remove or renew. 

The Cuno catalog in SWEET’S tells where to use Auto-Klean, where to use 
Flo-Klean (the latter generally in cases where the fluid-borne particles are highly 
abrasive). Positive cleaning action is effective down to .0025” size . . . minimum 
pressure drop. . . permanent, all-metal filter elements — in both cases. 

Apply direct to Cuno for complete catalog (use coupon) or for the recom- 


mendation of the Cuno engineering staff. 


Fe ee eee ee 


1 CUNO ENGINEERING CORPORATION 

211 South Vine Street, Meriden, Conn. 

Please send me a free copy of your new catalog. I am especially 
interested in the services checked. 

CJAir Actuated (JEngines (JPaper Machinery 


Instruments Gear Hobbing Machines (_|Pneumatic Devices 
Air Tools Grinders (_JPower Transmissions 





{ |Bakery Machinery 
Balers 

Blowers 

Boiler Feed 

Coal Loaders 
Coating Machinery 


Compressors 
Controls 

Cooling Systems 
Crushers 

Diesel Engines 
Dip Tank Systems 
Drilling Machines 
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Company 
Address 


DOOD 


Combustion Equipment 


Hobbing Machines 
IHoning Machines 
Hydraulic Systems 
|Incubators 
Instruments ¥ 
Lathes 

Lubricating Systems 
Machine Tools 
Meters 

Milling Machines 
Oil Burners 
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Oil Well Drilling 
Equipment 


(jPaint Spray Systems 


(JPresses 
(JPrinting Presses 
(jJPumps 

{ JRadial Drills 
[jRolling Mills 
(jScrap Balers 
(JSpray Systems 
(]Superchargers 
()Tapping Machines 
[|Test Stands 
(_]Turbines 
(_]Turret Lathes 
(JWelding Machines 
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ANOTHER WiILCO DEVELOPMEN 


. | 
FO NO. of 
Allo ELECTRICAL fe 

CONTACTS fF 


Long Service Life in High Frequency Operatin: 


Cc 


f 





PROPERTIES AND CHARACTERISTICS: 
ALLOY CONTACTS are composed entirely of noble metals, ad 
are especially desirable for higher frequency operatins 
because of their extreme hardness, high melting and boilig 
points, freedom from contact surface oxidation, low contad 
resistance and high density. They are therefore extensiv 
used in Tirrell type vibrating voltage regulators, in aircrd 
warship and tank voltage regulators, meter-testing devi 
dental and medical equipment, thermal cutouts, elect 
heaters, time switches, and many other severe-servit 
applications. 


WILCO AERO No. 50 ALLOY and other Platinum (a 
tacts are available in a variety of shapes, solid rivets, o 
parts of screw, blade or other assemblies. 


CONSULT OUR ENGINEERING DEPARTMENT—Write « 
Engineering Department for help in developing the pro 
application of wILco materials to your products. 


SEND FOR WILCO BLUE BOOK—The Blue Book conta a) 
charts, formulae, and full descriptions of all Electrical Conf 
tacts, including wiLco AERO No. 50 Alloy, and other WG 
products. Send for FREE copy today. 5 









WILCO PRODUCTS INCLUDE: WW , 
CONTACTS— PRECIOUS METAL COLLECTOR B/g 



















Silver RINGS— 

Platinum For rotating controls 

Tungsten SILVER CLAD STEEL 

Alloys JACKETED WIRE— 

Sintered Powder Metal Silver on Steel, Coppers. 
Invar or other "combinations 

THERMOSTATIC BIMETAL— requested. 

All Temperature ranges, ATE 

deflection rates and electrical ROLLED GOLD PL 

resistivities. SPECIAL MATERIALS 





THE H. A. WILSON COMPA 
105 Chestnut Street, Newark 5, N. J. 
Branch Offices: Chicago + Detroit + Los 


SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF THE 
ELECTRICAL CONTACTS + PRECIOUS METAL BIMETALLIC 
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ANNS AND SPROCKETS FOR POWER TRANSMISSION AND JHE 


PACANNICS OF MOVEMENT FOR MACHINERY AND EQUIPMENT OF 
§ MERICAN \NDUSTRY = AGRICULTURAL - AIR CONDITIONING © ALUMINUM 
‘SSEMBLN = NUTOMOTIVE = AVIATION - BAKING - BOTTLING - BRICK 


=RO NO. 
aetals, and 
operations 
nd boilng 
yw conta 
xtensivi! 
n aircral 
g devices 
3, electnd 


WWWING = BUSINESS MACHINES + CANNING - CEMENT - CERAMICS - CHEAA/ 


\. > CON = CONCRETE = DAIRY - DIESEL - DRILLING - DRUG - ELECTRICAL 
LCVROMICS - FISHERIES - FOOD - FOUNDRY - FURNITURE - GLASS - ICE - /PON 
WNORY = LERIWER = LUMBER - MACHINE TOOLS - MARINE - “MEAT - MILLING 
ANAG > ne Ragas : On. > PACKAGING - PA'NT - PAPER = PLASTICS - PORT 


GEN SPERINTING 27° (> QUABRY:= RADIO. - RAUL 








‘AS UR ane hae 
AC ON LUNDA = Lee 
MARINE - MEAT - MILLING - MIMING - wonor 
_ + PAINT + PAPER - PLASTICS - PORTABLE TOMS 
,  ATING - PUBLISHING - QUARRY - RADIO - RY 


‘JN - ROAD BUILDING - RUBBER - SALT - Sinn 


/-EL_- SUGAR - TEXTILE - WOODWORKING - WARE 


There is a right Link-Belt Chain for every industrial use. The advice of LINK-BELT 
engineers is available to you. LINK-BELT COMPANY. Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, 
Dallas 1, Minneapolis 5, San Francisco 24, Toronte 8. Offices, factory branch stores and distributors in principal cities. 
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Modern Dump ni 
Washer, Rear View 
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e Your design bears an added stamp of quality when Crane 
piping materials are used—and equipment buyers know it! 
Crane Co.’s 90-year experience in quality piping equipment 


insures satisfaction for both you and your customer. That’s 











only one advantage you get when you specify from the SERVICE 
world’s greatest line of valves, fittings and piping specialties reg — 

8 : , & pes Crane 150-Pound Composition Disc 
—in brass, iron and steel—in all sizes and patterns. You Globe Valves are available with proper disc 


which make them suitable for steam, ho 


save precious time because you specify from a single source eee 
r J Hite water, cold water, oil, air, or gas setv! 


of supply. There is undivided responsibility behind all pip- Screwed end valves are recommended fo 
ing materials. You'll find the solution to any problem regard- working pressures up to 150 poundsst J 
: pes > ; 300 pounds cold. Flanged end valves, 
ing piping materials—when you depend on the Crane line. to 150 pounds steam; 225 pounds col 
. $ | 
ONE STANDARD. OF QUALITY sete in hom gee snd 06a 
sizes from % to 3 in. Listed on page 
ONE RESPONSIBILITY ONE SOURCE OF SUPPLY your Crane Catalog. 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Ill. Branches and Wholesalers Serving All Industrial Art 


VALVES - FITTINGS: Pl? 
: PLUMBING - HEATING ¢ PUM 
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IN ELECTRICAL 
APPLIANCES 
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FLAMENOL CORDS 


— can build beauty and safety in your traffic ap- 
pliances and portable lamps by equipping with G-E 
Flamenol Cords. These new cords are modern in design 
and smart in appearance. G-E Flamenol Cord’s rich color 
and beautiful finishes will improve the appearance of 
your electrical products more than ever. You'll like their 
smooth, hard finish that makes them easy and pleasant to handle. 
And that’s not all. G-E Flamenol Cords offer users of portable lamps, elec- 






















isc Bras 


sper dis: staaheaste trical appliances and devices permanent protection. They are built to last with 
eam, he the life of the electrical product. The plug is molded to the portable cord 
s seri Hear the General making the power cord set a one-piece construction. This molded-on feature, 


»nded fo Electric radi * “ " ; 
: grams: "The GE first designed by General Electric, makes the power cord rugged and provides 


ds sent All Girl ‘ 
alves" = Sunday OnPate’ lasting protection to the soldered connections against strain. 


) wt, aw atin - Add greater salability to your electrical products by equipping with the 
ges PM. weekday 6:45 mew General Electric Flamenol Cords. For additional information, write to 
age 30 P. M. EWT, CBS. 


"The G-E House Section Q-1053-41 Appliance and Merchandise Department, General Electric 


P t gs? 
ivongl Pride ~ 9 Company, Bridgeport, Connecticut. 


iat «PEM. &EWT, "CBS. 


; piP x * ¥ 


* Reg. U. S. Pat. Off. 
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THIS NUT 


lt Stays Where It’s Put 


You'll always find the Elastic Self- 
Locking Stop Nut where you place 
it, because this nut always stays put. 
The Elastic Stop Nut holds an ad- 
justment with a sure grip whether 
seated against a surface as in the 
slot positioner illustrated above or 
unseated on a threaded part. 


The Elastic Stop Nut uses its head 
—because built into it is ared collar. 
This is an elastic compression collar 
that molds itself to the individual 
threads of the bolt, locking tight. 


You need no jam nuts, cotter _ 
or other locking auxiliaries when 
_ use Elastic Self-Locking Stop 


uts. They refuse to loosen, creep 


ELASTIC STOP NUT CORPORATION OF AMERIC 


Plants at: Union, New Jersey and Lincoln, Nebraska 


£ 


82 





or “back off” under the toughest, 
most critical operating conditions. 
Yet they never rust or freeze in 
place and can be easily removed 
when necessary. 


Proved in billions of wartime 
applications, Elastic Self-Locking 
Stop Nuts give definite insurance 
against loose nuts and consequent 
delays, breakdowns and extra main- 


. tenance work. From “cgi sewn 


aircraft installations to heavy- 
duty tank installations, these nuts 
with the red elastic collar have 
shown their gripping power. Elastic 
Self-Locking Stop Nuts are the 
sure way to greater safety, economy 
and reliability. 

















Sales Office: 1060 Broad Street, Newark 2, New 





Wherever there are slot posi- 
tioners, spring tension, com- 
pression or other types of | a 
positioning devices, you'll 
want Elastic Stop Nuts on the 
job, holding their exact ad- 
justment. Elastic Stop Nuts, 
because they successfully resist 
the effects of vibration, shock, 
impact and other loosening 
influences, are ideal for pos- 
itive maintenance of position. 

















LOOK FOR THE RED COLLAR 
THE SYMBOL OF SECURITY 


LOCKED ON THE COLLAR 

THE BOLT BY 1s ELASTIC 
a vale), meld THE NUT CAN BE 
THE GRIPPING USED TIME ANO 
RED COLLAR TIME AGAIN 





—<——4 


? - 
MADE IN ALL SIZES AND TYPES — WITM 
THREADS TO FIT ANY STANDARD 
TYPES OF BOLTS. 


ESNA 


TRADE MARK 
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YESTERDAY she was ferrying tons of vital war 
materials over the Hump; flying stout-hearted 
Paratroopers into battle; hurrying wounded Amer- 
ican boys home to peaceful safety. Known to the 
Army as the C-46, she was more affectionately 
dubbed the ‘‘flying boxcar"’. 

Today, this tried and proved Curtiss Commando 
is ready for service over the important air lanes 
of Eastern Airlines luxuriously refitted to 
carry 36 passengers in deep-cushioned, air-con- 
ditioned comfort. New ideas of safety and speed 
make her one of the world's largest, fastest 


St 


Pre +, i. 


ae 
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Eastern Airlines Silverliner by Curtiss 


and smoothest flying twin-engined transports. 
These luxury planes have been made possible 
by the many new aircraft products that were born 
in the white-hot crucible of war. Many of these 
products were designed and built by PESCO. And 
now, in peace, PESCO know-how makes these 
precision-built hydraulic and liquid pumps and 
controls available to commercial aviation and 
other industries. For descriptive literature regard- 
ing Pressurized Power and Liquid Flow equipment, 
write PESCO Products Co., (divisios Borg-Warner), 
11610 Euclid Avenue, Cleveland 6, Ohio. 


In Precision Hydraulics, Fuel Pumps, - = 
Air Pumps, Related Accessories . . = , 
€3ICO FIRST 





PERFORMANCE POINTS TO 










All are flexible ...yet each is designed to do a 


gpee/Alse JI9s 


EACH OF THESE flexible metal assemblies has success- developed to meet your needs. American Flexiblg 


fully solved a particular problem of vibration, mis- __ Metal Hose or Tubing is made in a wide range of 






metals and types of construction. In addition 
the broad, practical experience of our Techni 


alignment or movement of parts. 






All possess adequate strength and flexibility 






and are constructed of materials well able to cal Department is at your disposal. 









withstand the abrasive and corrosive condi- Take advantage of these facilities. For & 





tailed information write for Publication $$. 


or 


tions encountered. 
A similarly “tailor-made” assembly can be 






Buy Victory Bonds. Help assure World Pexe 









These factory-engineered, factory-assembled units 
are typical of the thousands of assemblies developed 


- 
4 
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for special purposes by “American” engineers. 
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AMERICAN METAL HOSE BRANCH OF THE AMERICAN BRASS COMPANY * General Offices: Waterbury 88, ©" 
Subsidiary of Anaconda Copper Mining Company + In Canada: ANACONDA AMERICAN Brass LTp., New’ Toronto, Onl. a 
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Faces billion pounds of Alumi- 
num, expected to be realized as 
scrap from war production and 
surplus, should be recognized as 
insurance for the future. 

The huge size of this “mine 
above ground” is industry’s 
guarantee of safety in designing 
products to take advantage of 
the unique features of Aluminum 
Alloys. It is the public’s assur- 
ance that Aluminum products 
will be available in profusion. 

Properly re-alloyed, and cor- 


rectly applied, these stock-piles 
will be the basis of unprecedented 
expansion in the use of high 
quality Aluminum Alloys. 

Careful selection of the proper 
alloy and its application for each 
designing and manufacturing 
purpose are essential. To help 
solve these, and other casting 
problems, expert assistance is 
available to industry through 
members of this group without 
obligation. It will pay you to 
consult us. 


HLommum ReseaRce nstirure 


111 West Washington Street, Chicago 2, Illinois 


Berg Metals Corporation 
Los Angeles 11, California 


The Cleveland Electro Metals Co. 
Cleveland 13, Ohio 


R. Lavin & Sons, inc. 
Chicago 23, lilinois 


Federated Metals Division 
American Smelting & 
Refining Company 

New York City 5 and Branches 


General Smelting Company 
Philadelphia 34, Pennsylvania 





mv 


Samuel Greenfield Co., Inc. 
Buffalo 12, New York 


William F. Jobbins, Inc. 
Avrora, Hlinois 


The National Smelting Co. 
Cleveland 5, Ohio 


Niagera Falls Smelting & 
Refining Corp. 
Buffalo 17, New York 


Seonken-Galamba 
Corporation 
Kansas City 18, Kansas 
U, $. Reduction Co. 
fast Chicago, Indiana 
Aluminum and 


Magnesium, Inc. 
Sandusky, Ohio 


The American Metal Company, itd. 
New York City 6 


Apex Smelting Co. 
Chicago 12, Illinois 
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Bearing Race Gauge — 
measures outer groove 
to 5/100,000”. 
















Radial Freedom Gauge- 
makes difficult inter bew. 
ing check quickly, 


Inner Race Gauge— 
checks bearing seat 
to 5/100,000”. 





| Tom the magic tube of electronics 
® 


ODAY, fine manufacturing calls for work- 

ing tolerances not of thousandths—but 
ten thousandths, hundred thousandths and 
even millionths of an inch! One of the secrets 
of Jack & Heintz low cost mass production of 
high precision equipment lies in the ingenious 
electronic measuring gauges used throughout 
the eight plants. 

With one of these J&H-developed-and-built 
gauges, even an inexperienced worker can 
make a complicated precision measurement 
in a second. For laboratory experiments, Jack 
& Heintz engineers have made an electronic 
gauge capable of measuring 2/1,000,000”! 
One of the shop gauges pictured is calibrated 
to 25/1,000,000; others in common use are 
measuring ten thousandths and hundred thou- 
sandths day in and day out. . 

’ While most of these gauges fall into the 
“special purpose” classification, they do have 
one thing in common. That is the basic elec- 
tronic circuit system that makes them so highly 
accurate. This method of measurement is new 


and, as perfected by J&H engineers, has un- 
limited possibilities for use wherever excep- 
tionally precise checking of parts must be 
done quickly. 

Jack & Heintz has made effective use of these 
electronic devices to speed war production. 
They can be adapted to postwar production, 
too. Merely by changing the holding fixture 
on each gauge, the magic tube of electronics 
can be.converted to speeding finer things for 
better, lower cost peacetime products. 

If you have a measuring, checking, testing 
or production problem that calls for forward- 
seeing engineering such as this, get in touch 
with Jack & Heintz today! 

Jack & Heintz, Inc., 





Cleveland, Ohio, man- 
ufacturers of Aircraft 
Engine Starters, Gene- 
rators, Gyro Pilots, Gy- 
ro Flight Instruments, 
Magnetos, Motors. 





Say More War Sounds and Stamps 
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“Exploded” view of the Bassick Caster 
shows how the “Floating Hub” unit with 
controlling spring attached rides on mod- 
ern, anti-friction Torrington Needle Bear- 
ings, as does the lubricating axle bolt, thus 
assuring smooth, efficient and dependable 
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pele Bearings Help Make a Rough Ride Smooth 


Protection from shock and vibration 
is of prime importance in en 
such as engine parts trucks, food and 
dish trucks or portable control panels 
containing delicate tubes and instru- 
ments. When Bassick “Floating Hub” 
Casters, used on equipment of this 
type, hit an obstacle they ride over the 
bump without lifting the load. These 
ingenious, smooth-running castersare 
equipped with modern, anti-friction 
Torrington Needle Bearings, which 
assure easy, efficient performance in 
the moving of heavy and delicate 
loads over rough surfaces. 

Built for long life, these sturdy, 
compact bearings can stand up to the 
countless sudden shocks to which 
they are subjected in equipment such 
as the casters described above and 
provide efficient anti-friction opera- 
tion. Furthermore, the simple, unit 


















construction of Torrington Needle 
Bearings makes for ease of installa- 
tion and lubrication. 


Perhaps your design or production 
problems could be simplified if you 
were better acquainted with the many 
advantages Needle Bearings have to 
offer, including high load capacity, 
small size, anti-friction operation— 
and low cost. Our Catalog 32, which 
contains a world of engineering data, 
will help you choose the size and type 
Needle Bearing best suited to meet 
your particular requirements. We'll be 
glad to send your copy upon request. 


THE TORRINGTON COMPANY 
Established 1866 
TORRINGTON, CONN. « SOUTH BEND 21, IND. 


New York Boston Philadelphia Detroit Cleveland 
Seattle Chicago San Francisco Los Angeles Toronto 
London, England 











These advantages of Dia- 
mond Chain flyer drives, 
capstan drives, and friction 
drives are important: 


1. Constant velocity ratio. No 
variations in relative speeds 
that lead to non-uniformity of 
twist and undesired variation 
of strength and weight of twine. 


2. Non-slipping operation. Di- 
amond driven spinners pro- 
duce 2 to 10% more twine, and 
production is at an unvarying 
rate. 


3. Less maintenance. High ini- 
tial tension is not necessary to 
avoid slippage. Machine bear- 
ing pressures are lower, and 
bearing maintenance is re- 
duced. Diamond Chains do not 
stretch—require infrequent at- 
tention. 


4. Power saved. A New Eng- 
land plant found Diamond 
Chain driven spinners consume 
1/5 H.P. less each than belt- 
driven spinners—enough to 
pay for the drives in a year. 


5. Long life. Practically as 2ffi- 
cient after years of use as when 
installed. 








DRIVING THE FLYERS _ 
THAT TWIST THE “SLIVEI 


Is Strictly a Diamond Roller Chain hol 


INCE Diamond Roller Chain Drives were first applied to spinne 
for hard fiber back in 1915, plants of practically the entire cordag 
and binder twine industry have turned to these high-efficieny 
durable drives. One cordage manufacturer that installed one Diamon 
Drive in 1917 has purchased more than 6000. 

So general is their use that it is not unlikely that the next ball 
binder twine or the individual yarns in the next piece of rope you 4 
were spun with the help of Diamond Drives. 

A superintendent remarked as follows: ‘After putting ia 1 
Diamond Roller Chain Spinner Drives in 1920, a second simi 
installation was made three years later. The first drives ran 16 ho 
a day for five years and are still running. Diamond Drives elimia 
a lot of bad work and pay for themselves in a short time.” 

Your production may be entirely dissimilar—but chances are 
Diamond positive, high-efficiency Drives can help you increase 
put, insure greater uniformity of product, save power, and red 
maintenance and replacement costs. 

Over a half century experience in the application of ml 
Drives is at your service . . . Practical suggestions are yours f 
the asking. DIAMOND CHAIN & MEG. CO., 

435 Kentucky Ave., Indianapolis 7, Ind. Offices 
and Distributors in All Principal Cities. 
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MINIMIZE MACHINING ON SHAPE-CUT PARTS 





Magnetic templet tracing unit at- 
tached to Oxwetp CM-12 flame- 


cutting machine. 


—EE 


ficen(U SC Magnetic Tracers on OXWELD Flame-Cutting Machines 
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OXWELD magnetic tracers automatically guide the 
oxy-acetylene blowpipe to produce identical shapes 
time after time. These tracers follow templets of any 
shape—even with 90-degree corners— without devia- 
tion. Templets can be finish-machined to exact dimen- 
sions, and because they are made of steel, they 
retain their accuracy on quantity runs. OXWELD 
magnetic tracers are simple in their operation...a 
magnetic roller, following the prepared templet, drives 


the machine at a uniform controlled speed. 


If you use an OxweLp CM-12, CM-15, or CM-23 
flame-cutting machine, you can obtain a magnetic 
tracing unit for it. If you are considering a new 
machine for repetitive cutting of complicated parts 
with close tolerances, or if you are now shaping 
metal parts by another method, you should inves- 
tigate the advantages of an OXWELD machine 
equipped for magnetic tracing. Complete information 
on making templets is supplied with each unit. 


Write to any Linde office for additional information. 


BUY AND HOLD UNITED STATES VICTORY BONDS AND STAMPS 


THE LINDE 


AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 E. 42nd St., New York 17. N. Y. (18 Offices in Other Principal Cities 


In Canada: Dominion Oxygen Company, Limited, Toronto 


LINDE OXYGEN... PREST-O-LITE ACETYLENE...UNION CARBIDE 
OXWELD, PUROX, PREST-O-WELD, UNIONMELT APPARATUS 


OXWELD AND UNIONMELT SUPPLIES 


The words “Linde,” “Oxweld,” “Prest-O-Lite,” “Prest-O-Weld,” “Purox,” “Union,” and “Unionmelt” are trade-marks of Union Carbide and Carbon Corporation or its Units. 
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Why 
Z-Metal 
for Corn Pickers? 


@ THAT'S EASY! Rex Z-Metal chain belts have greater 
resistance to the corrosive and abrasive operating con- 
ditions of farm machinery service. Neither rain, nor 
mud, nor dust, nor heat will easily destroy their oper- 
ating efficiency. 















(2 ON THIS CORN PICKER, for exany 
Rex Z-Metal chains are used { 
many driving and conveying fu 
tions. The ability of Z-Metal dui 
belts to retain their pitch unig 
severe shock loads andstrainsm 
them ideal for the intricate ope 
tions involved. Their high streng 
uniformity, toughness, resistance 
corrosion and abrasion make the 
the “pick” for corn pickers, ote 
agricultural implements, foo 
processing and many other typ 
of machines. 











@ WHAT MAKES Z-METAL SO TOUGH? Here's the secret! 
Z-Metal has a matrix of ductile iron with spheroidal 
particles of iron carbide uniformly distributed through- 
out, as shown in this photo-micrograph (200 times mag- 
nification). This spheroidized structure insures the uni- 
form high strength of Rex Z-Metal chain belts. 


* * * 








Rex Z-Metal chain belts are the answer to many drive and i 

conveyor problems involving heavy loads or corrosive condi- § fron 
tions. The Rex Man will be glad to help you with your chain thro 
belt application problems. For complete information on Rex ¢ | Al a B E LT , 
Z-Metal chain belts write for your copy of Bulletin No. 437. . 
Address Chain Belt Company, 1643 West Bruce Street, Mil- Manufactured in every available type for the positive transmisiit PP 
waukee 4, Wisconssn. of power, timing of operations and conveying of ™ 
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CHAIN BELT COMPANY OF MILWAUKE! 


Bcaldw Duckworth Division, Springfield 


on 
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HERE'S THE FULL STORY 
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IN A DETAILED, 8-page bulletin now available, Raytheon Manu- 
ing Company tells the complete story about the dependable 


R aytheon Voltage Stabilizers. These trouble-free magnetic-type e 

units... with no moving parts to get out of order. . . stabilize AC ie A 0 i 

from ordinary voltage sources to within plus or minusa half percent, | : 
TG |*oughout their full rating. | - aeae eros ol 


The bulletin includes such useful information as electronic 

«nisin |'PPlications, performance features, principles of operation, operat- 

ing characteristics, graphs, specifications of the three immediately 
available designs, cased, uncased, and endbell, and a price list. 


EE We urge you to send for your copy promptly. Ask for Bulletin 
gee48-537, and address your request to Raytheon Manufacturing 
mpany, Electrical Equipment Division, Waltham 54, Mass. 
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Diagram of posisioning: poremes 
formed on the flanges. Th P pom 
side was made larger than the die 
side so that the metal would not 
Pierce. 


Castings formerly used for 








ings 


these counting device hous- 


weighed 3 Ibs. 4 oz. each. The 


stamped redesign is only about half of 
this weight. The whole job could not 
be stamped, so a screw machine part 
was attached to one half through a 
“D” hole. To permit assembly of an 
oil cup, this same half had a hole 
pierced in it and was then extruded 


Worcester 


ALLOY STEELS AND OTHER 


811 Barber Avenue 


METALS COLD 


{ 
$ 
i 


Redesign for Stamping 
Cuts Housing Weight in Half 


to permit assembly of an oil aj 
This method saved making the parts 
a heavy gauge material through 
The design was also worked out soth 
one set of tools made both halve 
This is another example of a stampit 
user saving money through Prestt 
ingenuity. We invite you to talk ov 
your problems of design or producti 
with our engineers or representative 


SSED STEEL CO. 


Worcester 6, Mass. 


FASHIONED SINCE 188 


Representatives in Alexandria Virginia, Buffalo, Canton Obio, Chicago, Denver, Detroit, Fort Worth, Indianapolis, Los Angeles, New York, Philadelphia, Syrah, us 
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A 
DISTINCT ADVANCE 


IN 
BRACKET 
DESIGN 
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1. Provides ‘‘spring-washer’’ effect for secure 
capacitor mounting. 


2. Reduces strain on capacitor and chassis. 


3. Compensates for manufacturing tolerances in 


e mounting height of case. 
te for most oe bs 

-C¢ and d-c _ = 
the cap citor to 
ight or invertes 


This remove 


tors permitting 
be mounted UPI 
rosion-resistant finish of lacquered zinc 
plate assures a good ground from 
capacitor to chassis. The brackets have 
In contrast with the conventional L- either one or two mounting holes de- 
shaped bracket, this U-bend construc- pending upon the width of the capacitor. 
tion minimizes the stress on the metal : 

. : : These brackets n exclusive feature IT 
chassis and prevents distortion when on ou: iediatiaie. laura sae Ne CAP AC ORS 
mo : % ; 

unting bolts are tightened. The shaped brackets can still be obtained 


m . . . 4 
sea haa 1S eso flexible to hen desired. Ask for Bulletin GEA-4357 
Or normal tolerances iN for information on the G-E capacitors 


— en eo ‘a a iM that can now be furnished with this 
j _ improved feature. Apparatus Debft., 
The brackets are sufficiently thick to General Electric Company, Schenectady guy all the BONDS you can 
Provide strong, rigid support. A cor- —and keep all you buy 








NEW Electrical Time Switch 


DEVELOPED PARTICULARLY FOR ONE 
MANUFACTURER’S NEW EQUIPMENT 


Has Time Control been util- 


ized to its best advantage on 
YOUR new products? 


Our Engineering Department will be pleased 
to talk with you about your applications. 
Simply write and arrange an appointment. 








M. H. RHODES, INC. 


aeee MANUFACTURERS HARTFORD 6, CONM| 
E 


J 
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TO 1200 WATTS CONTINUOUS DUTY 














WATTS 


20s 


TO 25 POUNDS MAXIMUM 













ID) eveloped originally as an airborne generator for remotely located 


radar stations, this especially designed and built EEMCO unit sets new stand- 


Generator Data: Totally enclosed; glass insulated, 
available in 500, 600 and 1200-watt capacities; 32 and 
120-vole; ratings at 50° temp. rise; ball-bearings life- 
time lubricated; also available with integral panel con- 
taining meters and voltage regulator. Immediate produc- 
tion contracts can now be accepted. 


EEMCO engineers are prepared and experienced in solv- 
ing tough generator and motor problems; in the building 
of drives, gearing unit or control devices. Submit your 
problems to EEMCO today. 


















Send for your copy of EEMCO’s new catalog .. . 
“Custom Built Motors for a World of Needs’’ is 
now available. Ask for your copy — no obligation. 











ELECTRICAL ENGINEERING AND MFG. CORP. 


4606 West Jefferson Boulevard, Los Angeles 16, California 


ards for a light weight source of electric 
power. Only through advanced research 
and manufacturing methods could so 
much output be made. available for con- 
tinuous duty with so little weight. 
Weighing but one-half as much as for- 
merly available equipment, many com- 
mercial, rural and marine applications 
can now be filled. 
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USING THE YWouwal 


TO SOLVE THE yuusaal/ 


(@ UNUSUAL APPLICATIONS of usual methods of transmit- 
ting power, timing operations, or moving materials have 
often been the solution to many a tough engineering puzzle. 
Baldwin-Rex roller chain belts, a standard solution, have 
solved unusual as well as usual problems. 


@) IN THIS WOOD SHAPER they are usd 


the work to be shaped. An unusual appi- 
cation—but here again the inherent posi- 
bilities of Baldwin-Rex roller chain bels 
provided an ideal answer to a perplexig 
problem. 











to revolve the irregular form containing}. 









@ THE CHAIN IS APPLIED as shown in this dia- 
gram. It is fitted around the base of the form and 
fastened by screws extending through standard 
M-35 attachment links. Work is revolved by the 
feed sprocket engaging the chain rollers. Air pres- 
sure holds the form in contact with the guide collar. 
The next time you are faced with an unusual prob- 
lem, investigate the usual problem-solving abilities 
of Baldwin-Rex roller chain belts. 


For catalogs on Baldwin-Rex roller chain belts or com- 
petent information on your specific drive problems, write 
BALDWIN-DUCKWORTH Division of CHAIN BELT 
COMPANY, 320 Plainfield Street, Springfield 2, Mas 








"REX ROLLER CHAIN BEL 


Baldwin-Duckworth Division, Springfield 2, Massachusetts . Rex Chain Belt ond Transmission Division, Rex Conveyor ond Process Equipment Division, Milwaukee 4 


ee. 
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iS compressedtair power at work. Engineers apply it to make 
maf’s work easier, better, and more productive. 


Compressed Air/pushes pistons or the blades of wheels 
to exert its wer in air tools, such as drills, riveters, 
wrenches, hoists and rock drills. It operates air brakes, the 
/ switches ard signals in railroad yards, and the controls of 
complicated pfocesses ... clamps the jaws of chucks in ma- 
chine ls. It “fires” torpedoes from their tubes, operates 


Phei eontrols, and spins their gyroscopes. 


mpressed Air supplies oxygen for combustion in oil, 
gas, and coal furnaces and boilers on land and sea, It is 
essential in blast furnaces and foundry cupolas. 


. Compressed Air creates powerful streams or blasts of air 
i When it is suddenly released. These create waves of sound 
for whistles... hurl particles of sand for smoothing metal 
castings ...spray paint...carry huge quantities of grain 
through tubes ...scavenge and cool the barrels of naval guns. 


Compressed Air expands as it tries to obtain freedom, 
inflating tires, displacing water ballast when a submarine 
surfaces, and raising sunken ships. It bubbles through liquids 
to pump by “air lift,” and to agitate them. 


Yes, like man, Compressed Air works in countless ways 
to be free. Perhaps it can do more for you. Our applications 
engineers will be glad to help in any way possible. 


Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 


f 


47 




























THE ARTIST was intrigued by the man- 
ner in which advertising displays and 
folders could be made, and at the speed 
with which a layout could be altered and 
a new effect created. 

Now, he said, he could do twice the 
work. (He wondered if he could collect 
twice the pay.) 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 
JOHNSON CITY, NEW YORK 


Ozalid in Canada—Hughes-Owens Co., Ltd., Montreal 


First time any of them had visited 
the drafting room! 


But they’d heard that an Ozalid 
machine — recently installed to re- 
produce engineering drawings— 
could also reproduce—and simplify 
—much of their own work. 

The Chief Draftsman obligingly 
listened to their accounts of varied 
problems and said: 


“Ozalid can save you man-hours 
and dollars . . . as it does us.” 


He demonstrated how anything 


THE PHOTOGRAPHER was speechless 
when he saw Ozalid Dryphotos 
(continuous-tone photographic prints) 
produced in 18 seconds flat from a posi- 
tive-film “master.” Not one bath was 
necessary—just the same two steps em- 
ployed to make all Ozalid prints—Ex- 
posure and Dry-Development. 


alg Henan Nan 


manager, the, ails, 
anid the jolie 


(AND WHY THEY VISITED THE DRAFTING ROOM) 









GUY UY 





drawn, typed, printed, or photo. 
graphed on translucent materi) 
could be reproduced in seconds—not 
minutes. AND be reproduced—not a 
a negative—but as any one of ta 
types of positive, Ozalid prints, 
In different colors— black, blue 


red, or sepia; on different base mate 
rials— paper, cloth, foil, or film, 


He showed how these Ozalid 
prints could be used in many unique 
ways—for jobs beyond the scope of 
any other reproduction process, 

























THE OFFICE MANAGER, 2 man of great 
reserve, examined an Ozalid Rapid Black 
print of a typewritten report and sai 
“I’d swear this is the typed original... 








n Ozalid machine in 
your drafting room, stop : = 
ask for a demonstration. "i 
haven't adopted Ozalid + 
write for Simplified dep” we 
it tells the whole story a" a 
tains samples of the 10 type 
Ozalid prints you can make. 


if you have a 
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pick this for this manual get these 


motor starting job ® eit 


/ 


é 


1. “De-ion” Arc Quench- 
ers. Arcs go out quick, 
making contacts last 
longer. 

Bi-Metal Overload 
; Relay. Accurate cali- 
“DEION” MOTOR WATCHMAN 10-100-S bration for life of start- 
reas er. Permits harmless 
overloads—protects 
motor against danger- 
ous running overloads 
or stalled rotor con- 
ditions. 
Quick-Make, Quick- 
Break Action. Prevents 
teasing, prolongs con- 
tact life. 


“DEION” MOTOR WATCHMAN 10-100-U 


Cee your Westinghouse 

Distributor for full de- 

tails or write for D. B. 

10-100. Westinghouse 

Electric Corp., P. O. Box 

868, Pittsburgh 30, Pa. 

“DEION” MOTOR WATCHMAN 10-100-P — 


@® - ~ Westin nghouse MOTOR CONTROL 


PLANTS IN 25 CITIES... OFFICES EVERY WHERE 
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This special 2-spindle, 2-way horizontal 
boring machine was designed and built by 
The Ingersoll Milling Machine Company, 
Rockford, Illinois. 


It is used for boring, counterboring and 
facing bearing recesses, end bores and coun- 
terbores in Timken Tapered Roller Bear- 
ing axle housings for railroad rolling stock. 


These precision operations necessitate 
precision equipment, which this Inger- 
soll boring mill, equipped with Timken 





Assured By 


Precision 





Bearings on both spindles, provides. 


The Ingersoll Milling Machine Company 
uses Timken Bearings in many of its other 

..Machines, too. For example an Ingersoll 
Type “B” Millifig Machine which has 4 
heads—2 horizontal and 2 vertical—uses 
18 Timken Bearings. 


To be sure of getting Timken Bearing 
performance, see that the trade-mark 
“TIMKEN” appears on every bearing that 
goes in your equipment. 
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TOUREK BALL JOINTS .... 


The Recognized Standard for Design and Performance! 


THE major industries throughout the country 
specify Tourek Ball Joints where this type of product is 
needed ... their plus performance contributes to the 
safety, dependability and service-life of the products in 
which they are used. 


Tourek has the ability and facilities to meet fully your 
exact requirements for ball joints ...in any quantity... 
stock types available for immediate shipment...or custom- 


made to your blueprints on reasonable delivery schedules. 


WRITE FOR COMPLETE DATA. 


J. J. TOUREK MFG. CO. 
4701 W. 16th St. Chicago 50, lll. 


Be uissta 





MAKERS OF PRECISION 
SCREW MACHINE PRODUCTS 
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A few of the many De Laval Worm Gear Reducers used in this plant 


Driving a kiln feeder 


a Gz: 5 ie 2 
© ee ‘sath 


Driving a kiln 


Driving a kiln 


\ 


te 


WORM GEAR r) 1 vi s ' ° N or Geena tee 


* HELENA * HONOLULU * 4 


WORM GEAR SPEED REDUCERS SAS CITY * LOS ANGELES * MA 
NTREAL = NEW HAVEN * NEW U® 
CENTRIFUGAL PUMPS + CEN YORK + PHILADELPHIA ° PIT 
C ER « ST PAUL * SALT LAKE CIT 


TRIFUGAL BLOWERS and COM eISCO .» SEARTEE # FORONT 


eee feo: GM Pumes STEAM TURBINE COMPANY - TRENTON 2, ‘NEW JERSEY “ mi 


TURBINES + HELICAL GEARS and 


nA PAM cl se dlc es de 
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Why don’t you get together 
on proof that you both can count on? 





Confidthtial note to machine-builders and manufacturers on proving to your customers that they’re getting all 
of mechanical products (with a couple of side remarks to the performance you built into your product. You 
users ) :— are invited to take ‘‘Countsel’’ with Veeder-Root 

It’s as simple as this: Build into your machine or engineers, who will show you just how you can 
— as an integral part, a Veeder-Root Countin protect and profit yourself with built-in Veeder- 

vice that registers strokes, turns, pieces, trips, an Root Countrol. 
ey other units of performance . . . mechanically 
or electrically. bacco fig customers can see when 
your guarantee period is reached . . . for the Facts- Counting Sualuotiy 
in-Figures are right there in front of them in plain, 7 —- a 

~ bold black and white. So there’s no room for argu- 
A a ibs loss of goodwill or future business 
ough lack of positive proof. 

There are VeclerRooe Devices that will record VEEDER-ROOT INC. 

exact number of performance-units constituting Rassias ae Seempetiece 
: : ; In Canada: Veeder-Root of Canada, Ltd., Montreal 
guarantee period. And then these devices will go In England : Veeder-Root Ltd. (New address on request) 
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A MOTOR takes a bath to prove a point 


Send for full information. Pla 
write on your company letterhead 


You can easily see that this new a-c 
SEALEDPOWER is a unique motor 
—with many exclusive features—but 
how will it stand up under really 
tough operating conditions? Can it 
withstand excessive moisture? What 
will be the effect of large quantities 
of dust in the surrounding atmos- 
phere? 


Answers had to be found ‘to these 
questions before the motor could be 
offered to industry as an improve- 
ment over existing fan-cooled de- 
signs. So two brutal tests were 
devised : 


In performing the first test a standard 
SEALEDPOWER motor was placed in 
a tank containing six inches of water, and 
run for eight hours without stopping; it 
was then shut down and the operation 
repeated the following day. All during the 
operating period the ventilating fan of the 





CR-Wy 
Ca» CROCKER-WHEELER ELECTRIC 
u 


A DIVISION OF JOSHUA HENDY 


motor continued to throw water over the 
frame, shields, bearing housings, shaft and 
junction box (see illustrations), thoroughly 
drenching the entire exterior of the motor 
and yet, at the end of the test, the motor 
was taken apart—and the inside was found 
to be “bone” dry! Excessive moisture will 
offer no problem to this motor. 


In the second test, a dense atmosphere of 
French chalk was kept whirling around 
the motor by means of fans. But, at the 
conclusion of this test, not a trace of chalk 
was found on the windings or elsewhere 
within the motor—conclusive proof that 


the SEALEDPOWER motor is truly 
dust tight. 


An exclusive Crocker-Wheeler de- 
sign, the SEALEDPOWER motor is 
suitable for applications where you 
have been using conventional fan- 
cooled motors. Why not try one of 
these motors—in an unusually damp 
or dusty location? 








no obligation. 
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THIS COUPLING 
IS UNIQUE, TOO 


ball retaining cover and six synthetic 
ber balls—that's all there is to it! 
yet, this is more than just a 


and vibration, yet do not transmit 
8”, these couplings require no lv 


complete information. 





IRON WORKS, AMPERE 22 


= 








coupling—it actually adds years to the lit 
of both the driving and driven machine. 


The balls transmit torque, absorb shut 
thrust. Available for shaft diameters ¥? 


no maintenance of any kind. Write 


—— 





coupling consists of a spider, a flongt*hi.. 2 mj. 


he 
And 


nd 





NEW JERSEY 








i” Ng b Pow Branch Offices: BOSTON BUFFALO-CHICAGO+ CINCINNATI -CLEVELAND-DETROIT LOS ANGELES +NEW YORK+PHILADELPHIA-PITTSBURGH-SAN FRANCISCO: 


WOUND 





ROTOR M 


ITORS DIRECT CURRENT MOTORS 


GENERATORS 


)) 


FLEXIBLE CO 
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HYCAR’s 


versatility med 


in every if 





















O increase the production of an 
oil well it is frequently necessary 
pump hydrochloric acid into it, 
d then wash the well. That means 
¢ pumps have to handle not only 
lexib Fhe acid, but the washing compound 
"#**Blus a mixture of mud, salt water, oil, 
and slush. 
elm} Because of this unusually severe 
tvice it used to be common prac- 
ce to replace valve inserts after 
ety job. But now HYCAR valve 
serts are widely used, and as many 
8 acidizing jobs have been performed 
a single set of HYCAR inserts 
ut any signs of leakage or failure. 
__] HYCAR’s chemical and physical 
Cw 


j 
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|Here’s'a good example 


properties—listed in the box at the 

right (and available in specifically CHECK THESE 

selected combinations)—make this SUPERIOR FEATURES OF HYCAR 

performance possible. These same 1 EXTREME OR RESISTANCE — insuring diwen- 

properties in other applications in 2 High TEMPERATURE RESITA sanee 

every industry have made possible F. dry heat; up to 300° F, hot — 

superior performance of resilient 3. ABRASION mnenha0% greater than 

° natural rubber. 

rubber parts, longer life, and reduced pce dale Wii o s 

maintenance expense. temperatures. 

| Ask your supplier for parts made se  pernligeennetareades 

from Hycar. Test them in your own 6. LIGHT WEIGHT — 15% to 25% lighter than 

applications — difficult or routine. pene 3 

You'll find for yourself that parts * ye Eye from oxidation. " 

made from Hycar will save you mon- 8. HARDNESS RANGE- compounds can be varied 
« . . to 

ey, give you more efficient service — yen 

that it’s wise to use Hycar for long- % ee segnny fhe Remon meme ee fe me 

time, dependable performance. Hycar oat er a See can be 

Chemical Company, Akron 8, Ohio. 


Reg. U.S. Pat. OF. 


Hycar 







oney saved 
try | 




















GARGEST PRIVATE PRODUCER OF BUTADIENE TYPE 


Syithllc Rebbe 





Of course, it isn’t technically a plastic, but it is so near to it that we use 
the term to emphasize its use possibilities. Through various chemical 
treatments we build into or upon a cloth structure the characteristics of 
a plastic joined with the flexibility, strength and fabricating possi- 
bilities of cloth. Any kind of doth from a fine cambric to burlap. 


Think of these materials as “flexible plastics” in helping to solve your post war 
material problems. Do not confuse these and other Holliston processes with or- 
dinary cloth finishing. We prepare cloth with special characteristics to serve 
special needs — functional or decorative. 


Consult our Research Department. 


The HOLLISTON MILLS, Inc. 


Processors of Cloth for Special Purposes 


NORWOOD, MASSACHUSETTS 


Sales Agents in Principal Cities 
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(Above) 
Enclosure at rear of Norton 4-in. Type C grinder houses 
compact Thy-mo-trol electronic panel and other electric 
control. 


(Left) 
Ease and accuracy of control have made this grinder 
popular for production work on small parts. 








PUTS SPEED RANGE 






AT HER FINGERTIPS 


An advanced type of precision grinder, built by the for applications requiring stepless speed control, adjustable 
Norton Company, Worcester, Mass., has won wide favor accelerating torque, or constant speed under changing 
for its high production rates on small machine parts. Its loads. 


outstanding characteristic is simple, yet highly flexible, 


tandard Thy-mo-trol dri ined ‘in rati 
control, right at the operator's fingertips. ecaroe 7a ns Son Se ee 


from 1/8 to 25 hp. In special cases, speed ranges as high 


Work speeds on this grinder are set on a dial—any as 100 to 1 have been furnished. The experience of Gt 
level from 100 to 1000 rpm, with constant torque through- engineers is available to help make Thy-mo-trol an it 
out—thanks to the use of a G-E Thy-mo-trol drive. Jogging tegral part of your product or processing set-up. Apparatis 






control is also easily adjustable over a wide range, and Dept., General Electric Company, Schenectady 5, N. Y. 
dynamic braking gives fast stops. Yet the machine operates 
on a regular a-c power supply. 











FOR WIDE-RANGE STEPLESS SPEEDS 


A Thy-mo-trol drive is a complete, co-ordinated set of 
equipment including an electronic panel, transformer, con- 
trol station, and a d-c motor matched to the job. It's the 
increasingly popular choice of machine builders and users 


GENERAL @ ELECTRIC 


676-190-8930 
Buy all the BONDS you can—and keep all you buy 
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for PRECISION Subcontracting 


A. ...with its highly technical 


staff of 400 engineers, machine and product designers and 
toolmakers, is now in position to offer the services of its 
personnel and complete machine and assembly sections to a 
few manufacturers who require precision sub-contracting of 
radar units, instruments or other types of difficult assemblies. 


We have undertaken and successfully produced many “secret” 
components for war plants and with that experience have 
something to offer you that goes far beyond the abilities of 
the normally “good” plant. 


Here is what we can do for you: 


I. Provide complete engineering service for new projects... 
finish your partially completed work. 





IE Design and build all tooling for production (either in your 
plant or ours). 


HEE Produce, assemble and test intricate, precise units or pro- 
ducts on sub-contract. 


Iv Design and build high'speed automatic special machines 
for any type of production. 


On request we will send you the Atlas brochure which explains in detail 
all of our services and pictures the modern engineering, machine and 
assembly sections of our plant. If you desire quick action, telephone 
or telegraph for a consultation with one of our key men. It is quite 
probable that we can lift “a load off your shoulders onto ours”. 
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AC TYPE “L” ~ 


rs 


te 


DC TYPE “H" 


ASSURES CORRECT APPLICATION OF 


Kedmond 


MIicROMOTOR:S 


PECIALISTS in small motor engineering are ready t 
S serve you. Backed by years of experience and com 
plete equipment, these Redmond engineers have the 
ability to thoroughly analyse and solve difficult applic« 
tions. They’ll tell you exactly how to use Micromotor 
for obtaining fine performance, trouble-free operatio 
and long life. Get acquainted with Redmond “Customer 
Engineering Service”. Write us today. 


g 
Kedmond COMPANY, INC. fre 


Owosso, MICHIGAN, U. S. A. 
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THE RIGHT BEARINGS 


For Gear Drives! 





























| ies 








































































































er, If 








ving mills 24 hours a day, 365 days a year, is a job 
t calls for dependability, self-alignment, high load- 
g capacity and long life in bearings. That’s why 
sF Spherical Roller Bearings are used on this Gear 
ve. They’re on the job the clock around. Their 
t-aligning properties eliminate overloads caused by 
ment. Their full capacity is always available 
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ROLLER BEARINGS 


for useful work. And they roll smoothly for years with 
inner races tight on the shafts and outer races sliding 
in the gear case. Only occasional lubrication is required, 
and fussy adjustments are never needed. All of which 
can be summed up in one word: PLUS-PERFORM- 
ANCE. StS Industries, Inc., Front Street and Erie 
Avenue, Philadelphia 34, Pa. 5874 
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FOR THE VITAL 


60% 


@ For the 60% of all print users who re- 
quire prints in medivm quantities, here’s good 
news! The new Bruning Model 41 Printer- 
Developer provides prints in ample supply 
for your needs—exposes and develops Black 
and White Prints from roll stock or cut sheets 
—yet is priced much lower than a large- 
capacity, high-volume machine! 


With its brilliant, new 2,000 watt glass 
mercury arc light, the Model 41 gives you 
clear, sharp prints—has an actual printing and 
developing width of 46 inches. Control has 
been amazingly simplified—no experienced 
operators needed. And because the Model 41 
requires no plumbing, you can put it any- 
where in drafting room, engineering depart- 
ment or office—have prints where you want 
them. Get full information about the Bruning 
Model 41 Printer-Developer—send today for 
free illustrated literature. 


Its Positively Right — In Bruning black and White 





CHARLES BRUNING COMPANY, INC. 














t 
47 26-48 Montrose Avenue, Chicago 41, Illinois a 
Please send me complete information on your Model 41 : 
Printer-Developer—and on other Bruning printing and H 
developing machines for making Bruning Black and 
White Prints. ' 

i 
Namie ; 
IES SE EEE RE PEON COE TE LEI RNR ; 
(ASS ES EE IE Be OP OS ; 
Céty___.... ARENAS i 
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CHARLES 


NEW YORK 


Atlanta 
Kansas City 
St. Louis 


PLENTY OF PRINTS 4 


A war’ 


BRUNING 
41 








The Bruning Model 41 Printer-Developer embodies a 
radically new method of cooling to provide greater uni- 
formity of prints and greater operator comfort. 


BRUNING COMPANY, ny 


Since 1897 
CHICAGO 
Boston Detroit 
Milwaukee Newark 
San Francisco Seattle 


LOS ANGE 


Houston 
Pittsborg! 
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Celanese* 
astics 


Pa « 


¢ know... that Celanese produces a 

e-resis ant thermoplastic (LUMARITH XF) with the 

ped molding qualities of standard cellulose ace- 

- that dial faces, covers, transparent shields and 

fis can be molded to optical clarity from LUMARITH 

i... that LUMARITH EC offers sub-zero toughness, 

EPage resistance, lightness and excellent moldability, 
fin one composition? 





RIESE are but a few of the new developments in Cela- 

Bese cellulosic thermoplastics that soon will be avail- 

le for civilian use. The war service of Celanese plastics 

‘include some of the toughest jobs thermoplastics have 

ever tackled: aircraft control wheels molded over metal, 

corrosion resistant film insulation, interchangeable flash- 

light parts for arctic use, waterproof packaging of pre- 

cision electrical parts, flameproof cable grommets for 

/ naval use, close-tolerance gas mask parts, instrument 
". housings... 


These wartime applications tell a story of thermoplas- 
Midtic versatility that has important implications for the 
designer and manufacturer. Certainly, your plans for an 
fnproved postwar product will call for the best plastic 
available. We suggest that you take advantage of the 
experience data collected by our technical staff. It 

il show you what you can expect plastics to do for, 

, and most likely indicate how production costs can 

mPe lowered. Celanese Plastics Corporation, a division of | 
Celanese Corporation of America, 180 Madison Avenue, 

~ New York 16, N. Y. 
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BUILT-IN WATCHMAN 
quick make- 
and-break ac- 
tion, a-c or d-c. 


degrees you will find 38W estinghouse thermo- 
stat with specialized characteristics to meet 
a complete range of requirements. 

More than 6,000,000 thermostat tem- 
perature control units have been developed 
and applied in Westinghouse electrical de- 
vices alone. Westinghouse is the world’s 
largest user of bi-metal for electrical control 
and protective devices . .. and all the 
design and application experience gained 
in decades of practice is passed on to you 
in Westinghouse thermostats. 

For more information on design and 
application ask for Booklet B-3344. You 
can get it through your Westinghouse 
office — or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, 
Pennsylvania. J-10287 


PLANTS IN 25 CITIES... OFFICES EVERYWHERE 


Westi ghouse 


EATIN N ITS 
AND CONTROLS 
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SOLIDEND MULTIROL 





‘GILL MANUFACTURING COMPANY, INC. 


Manufacturers of Ball and Roller Bearings 


INDIANA 


— Dearing. 








TAKE advantage of the full length 
rollers of McGILL “Solidend” 
MULTIROL Bearings. We will be 
glad to send you our catalog SM-42. 


The AMP PRE-INSULATED TERMINA 


Mini- 
mum Insula- 
tion Beyond 
Metal Protects 
Against Flash- 


over — 


1/32” 


Write today for AMP 
Catalog Section 10 


Providing Revolutionary speed and accuracy in mass 
production wiring with superlative electrical properties. 


PERFORMANCE CHARACTERISTICS 


1. Terminals withstand a temperature of 350 
degrees for 10 hours without physical damage 
to insulation or any deleterious effects on 
insulation. 


2. Minimum breakdown voltage is 2500 volts 
D.C. in air at sea level; 800 volts D.C. at 
altitude of 30,000 feet. 


3. Insulation does not support combustion 
when tested in accordance with ASTM 
D350-40T. 


4. Insulating qualities are unaffected by long 
immersion of terminals in 10 per cent salt 
solution. 

5. Water absorption of insulation is less than 
1% per cent. 

6. The pre-insulation takes the exact con- 
tour of the crimp without distortion or crack- 
ing. It will not dry out or come loose. 

7. Maximum electrical and mechanical prop- 
erties of the AMP “Diamond Grip" Insulation 
Support Crimp assure vibration-proof connec- 
tions. All three crimps made in one operation 
by AMP hand tools or press dies. 





Hest | 


Ais 


SLIDE TUBING 
OVER WIRE 


1/64” Insulation With- 
stands Abrasion ; 
High Voltage . High- 
Pressure Crimping 

i 


CRIMP TERMINA 
TO WIRE 


SLIDE TUBING 
OVER TERMINA 


REDUCED 
TO 1 
QUICK 

OPERATION 


Ser) Wh = 
SR) Ay 
rete A 4 ] 
ate BAlaCs eo 
CRIMP "“PRE-IN 
SULATED" TER 
MINAL TO WIRE 


Insulation bonded 
to the terminal 


Positive pure copper 
insulation support 





PRODUCTION ECONOMIES :' 
THE INSULATION IS PERMANENTLY BONER 
TO THE BARREL OF THE TERMINAL, The 
Pre-Insulated Terminal is delivered to 
ready to install with AMP precision hand, 
or power installation tools — thereby 
nating all stocking and handling of 
sleeving, and eliminating costly human ett 
in its application. The cost of applying # 
rate tubing to the terminal is approximis 
the same as the cost of applying the 7% 
itself to the wire. a 

Color identification of wire sizes 
marked on terminals and tools. 


FOR SUPER PERFORMANCE USE THE SUPER AMP PRE-INSULATED TERMINAL 





a 


AIRCRAFT-MARINE PRODUCTS Ine 


1521-37 NORTH FOURTH STREET, HARRISBURG, 


In Canada: 


DAVID C. ORROCK, 1405 BISHOP STREET, MONTREAL, QUE 
F. N. ADAMS, 726 HOMER STREET, VANCOUVER, BRITISH COLU 
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---in 50,000 hours of ‘tough service 


The Independent Nail & Packing Company of in process of construction. We are glad to tell you 
Bridgewater, Mass., “Manufacturers of Special that our first Everdur barrel which was installed in 
Wire Nails”, was plagued with tumbling barrel the spring of 1937 gave us seven years of satisfac- 
trouble in the plating room—up until seven years tory service, in practically continuous operation 24 


ago. This is the way Mr. H. James Stone tells the hours a day, tumbling our work in preparation for 
story: electroplating. The barrel was filled with the vari- 


“A little over seven years ago we installed our first pe acid and ta oe pricier — - 
Everdur oblique tumbling barrel in our plating ei gece a ta th 8 ae io a 
room. Prior to that time we had been using wooden led, we are greatly pleased with its Long life. 

barrels and composition cast brass barrels, neither Thank you, Mr. Stone. Other reports in our files 
of which gave us good service. Wooden barrels wore tell a similar story—that tumbling barrels made of 


out very quickly on sharp work like ours, and com- Everdur* Metal give long, economical service. «5:60 
position barrels were attacked by the strong acid 


and alkaline solutions which we use in our cleaning THE AMERICAN BRASS COMPANY 
and polishing process. General Offices: Waterbury 88, Connecticut 


“Since 1937 we have installed an entire battery Subsidiary of Anaconda Copper Mining Company 
of Everdur barrels and now have additional barrels In Canada: ANACONDA AMERICAN Brass Ltp., New Toro.ito, Ont. 
*Reg. U.S. Pat. Off. 





TIMED LIGHTNING 


at the rate of 36,000 sparks a minute 


Nowhere in aviation are metals called on to do 
a tougher job per unit of weight than in Bendix- 
Scintilla Aircraft Magnetos, Ignition Harnesses 
and Switches. . 

It is no coincidence that many of the metals 
used in this inseparable trio are supplied by 
The American Brass Company, for Anaconda 
Alloys are not newcomers to aviation. They 
have played an important part ever since the 
first flight across the Atlantic... across the 


This Bendix-Scintilla Aircraft 
Magneto is capable of pro- 
ducing 36,000 timed sparks 
a minute to the engine of a 
modern fighter. Product of 
Scintilla Magneto Division, 
Bendix Aviation Corporation. 


Pacific...around the world. 

The high standards of war-paced aircraft 
engineering depend on Anaconda Alloys for 
hundreds of special-purpose applications. Two 
of these are described here... all perform their 
assigned task ably and dependably. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN Brass Ltp., New Toronto, Ont. 








Designing power drives is our business 
.. lets VY), iP a7 la GH yours.’ 


Take full advantage of the years of experience 
Dayton Power Transmission Engineers have had 
planning new and more efficient power drives . . . 
developing new and better V-Belts that will de- 
liver every bit of power from the driver to the 
driven unit efficiently, quietly, continuously. 
This experience can be of real help to you be- 
cause the performance of that new model machine 
you are designing will depend in great measure 
on the power drive you specify for it. You can 
insure its efficient performance by letting a Dayton 
Power Transmission Engineer work with you when 


you get to the point of planning the power drive. 


Free To Design Engineers 


Catalog 280, a 384-page encyclopedia of V -Belt 
information listing millions of power drive 
combinations. Catalog 150 gives you complete 
information on fractional horsepower V -Belt 
drives. Write today for your copies of both catalogs. 
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His own years of experience are backed by 4) 
years’ research in working with natural and 
synthetic rubbers. It’s experience that, combined 
with your own specialized knowledge, will make 
certain that your brainchild will prove completely 
successful when finally produced and placed in 
the hands of the user. This experience will be 
put at your disposal gladly, and without obliga- 


tion. Write for full information. 


THE DAYTON RUBBER MANUFACTURING COMPANY 
DAYTON 1, OHIO 


THE WORLD’S LARGEST MANUFACTURER OF V-BELTS 


wile lp air 


THE MARK OF TECHNICAL EXCELLENCE IN SYNTHETIC 


Hanton 


























OO all the heroic plans to raise thy 
status of the people — simplest an/ 


Ff most practical is that of Mexico’s President 

. ¢ Camacho. Says he— 
Veg = Pe Be. “Each educated Mexican is to teach a 
~.,. illiterate Mexican to read and write’ 


The reason for this, he explains, is tha 
we are going into a new world where edy 
cation will win. Well he knows that th 
passing along of primary facts, from th 
amstructed to the uninstructed, provide 
hold for education in any line. 


Well he knows that education nev 
hurts a man, if he is willing to learn a litt 
something after he graduates. 





Well he knows the war was won by post: 
graduate thinking on production—by out 
smarting outmoded procedures — througi 
thousands of procedures such as— 
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“TEACH” —4e aye 


~ HERE, PRESIDENT CAMACHO, is education for any man who wonders 
4 | why he cannot sell his product, made by outdated procedures, against a 
Cs competitive product which is arc welded and come out with a profit. 


| 
ae 








“el costs $424 


st and 
sid 
_ Cut this piece 
from %" x 14" 


Stamp these ber 


ra two part 
ach a Aj sae en. 
write, ” 


is that 
e edu: 
at the 
m. the 
ovides 








Jig up and 
weld... 


RESULT: Saves 60c each 








6 ho bracket is typical of many parts being Here is the A-B-C solution to many of your prob- 
changed over to welded design to cut costs, and lems of today. The Lincoln Engineer will gladly help 
to produce a stronger, more rigid and lighter product you get the results you want. Studies in Machine 

. one that can be constantly improved easily Design free on request. Ask for them on your 
and quickly. business letterhead. 


THE LINCOLN ELECTRIC COMPANY Dept. F-1 e CLEVELAND: 1, OHIO 
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Photoswitch ELECTRONIC TIMER does the res! 


For any Timing Control purpose, demanding split-second accuracy 
and unfailing operation, Photoswitch Electronic Timer has been proved 
best by repeated tests. Electronic in operation, Photoswitch Timer 
has only one moving part and is guaranteed for maintenance-free opera- 
tion and unlimited life. 

Its wide timing range — from 1 /20th of a second to two minutes — 
and split-second adjustability to any fraction of time within that range 
have resulted in Photoswitch Timer being adopted as standard in many 
diverse industries. 

It is simple to operate. The correct one of six interchangeable timing 
elements is selected to determine the timing range, the dial is set to the 
required split-second interval within that range. Flexible in operation, 
it provides for three different methods of timing: initiation of the timing 
interval by momentary contact, timing throughout sustained contact, 
or delayed action following contact. 

Photoswitch Timer, because of its precision and long life, has no equal 
for continuous repeat cycle timing, or short interval timing. 
phe gelling Payee Mgpnnry Bo ger In repeated tests by leading equipment manufacturers, Photoswitch 
proper combinations of Photoswitch Electronic Timers have been selected on the basis of accuracy, versatility, 


ye ac Our engineers will gladly long-life and trouble-free maintenance. They can do a job for you. 
advise you. 





Other Photoswitch equipment control levels, turbidity, smoke density indication, 
counters and conveyors, inspection, property and machinery safeguards and 
industrial applications. Our engineers are available to assist you on any special con 
trol problems for which electronics may offer a possible solution. 


HOTOSWITCH inconroraten 


CAMBRIDGE 42, MASSACHUSETTS District Offices ia All Principal Cities 








PHOTOELECTRIC AND ELECTRONIC CONTROLS FOR EVERY INDUSTRIAL PUR 
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F 5ALL-BEARING SCREW AND NUT— 


x 
Ltr. es, 





IS RIGHT 3 
THE APPLICATION * 


Y 














The Saginaw Recirculating Ball-Bearing Screw This friction-free unit is a companion product to 








ind Nut brings new ease, accuracy and efficiency in the proven recirculating ball-bearing steering gear 
screw thread operations of raising or lowering, now universally used in cars and trucks. You may 
*  popening or closing, extending or retracting. Work- have a problem which the Saginaw Ball-Bearing 
_ fing on the principle of rolling balls inserted be- Screw and Nut can solve. Our engineering depart- 
ne yee the threads of the nut and the screw, it ment will be pleased to give it special attention. 
. results in efficiencies to 90% and over. 
The Saginaw Ball-Bearing Screw and Nut can be 
"% operated manually or by power, with the operating a a THE PRINCIPLE—In the ordinary nut 
he ee lied th h h D = Be §€=6©and bolt, power is consumed by 
a: eres oe Geman Tne Clrey Ot mm, 16 = Z friction caused by the threads riding 
igned for a wide range of sizes, its fields of appli- = gemma. on each other (left). To ease friction 
ng sehain as ‘call Sstead tit b | Lu and thys decrease actuating effort, 
, are practica y un ee . . as been — = = Saginaw Steering Gear devised a 
tessfully applied to retracting airplane landing = £Z _ means of inserting bearing balls be- 
com = tween the threads connecting the nut 


al [sears and to the movement of wing flaps on planes. 
it can be applied to the lowering of a car door 
th |vindow or to milling machines and lathes as a 
y, lead screw, a jack or a contro! mechanism. 










and bolt (right), and developed a 
method of permitting the balls to 
recirculate through a special race- 
way. Freedom from friction permits 
greater speeds without excessive heat 
generation ... reduces operating cost 
as much as two-thirds. 








BUY VICTORY BONDS 


ry Sagin aw Steering Gear 


DIVISION, GENERAL MOTORS CORPORATION, SAGINAW, MICHIGAN. 














ANUFACTURER OF STEERING GEAR ASSEMBLIES + STEERING LINKAGE 
ASSEMBLIES » PROPELLER SHAFTS + DIESEL ENGINE AND AIRCRAFT PARTS 






1g " 
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This 
Is Our 
Problem 


One logical first step when an oil seal is needed 
is to look into a catalog. But in the case of seals, 
it is not the way to be sure of getting the seal 
that will exactly meet the sealing conditions. 

Every oil seal problem is an individual case. 
It needs to be analyzed on a scientific basis and 
solved individually as an engineering situation. 

That is how we go about it here at Milpaco. 
As Lubricant Sealing Specialists, we first study 
your proposed application in terms of tolerances, 
temperatures, pressures, and particular operating 
conditions. From this study we formulate speci- 
fications for a seal that will meet the require- 
ments. Then we build that seal especially for 
your needs. 

Call us in as Lubricant Sealing Consultants and 
Manufacturers of Oil Seals to solve your problems 
adequately ond efficiently. 








Designers and Manufacturers of 


Oil Seals and Mechanical Leather Packings 


- 1 Os 
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SOCKET 











Reg. U. S. Pat. Off. 


MAKE DESIGNING EASY 


You can count on better, more compact designs when you specify 
“Unbrako” screws. The internal wrenching feature saves SPACE for 
you, since the wrench fits within the socket rather than around the 
head. And the great tensile strength of the “Unbrako” Socket Screws 
permits the use of smaller, and frequently fewer screws . . . thus 
saving WEIGHT. 





i 


The Knurled Point of the “Unbrako” Socket Set Screw (above) makes 
it an absolutely dependable Self-Locker. Knurling of the point holds it 
secure by digging-in firmly whenever vibration tries to shake it loose. 
Even so, it can easily be backed-out with a wrench and used over 
and over. 


The Knurled Head of the “Unbrako” Socket Head Cap Screw (center) 
speeds production by preventing finger-slip and lost motion. Even 
oily fingers get a grip on it—turn it farther and faster before a wrench 
is needed. 


Where the “Unbrako” Knurled Point Socket Set Screw cannot be used, 
our Knurled Thread “Unbrako” (bottom) will be found a dependable 
and satisfactory Self-Locker, regardless of the style of point. The 
knurls positively prevent the screw from unwinding. 


All screws available in sizes from No. 
0 to 1%” diameter — fuil range of 
lengths. Send for our informative “Un- 
brako” Catalog. 





ay xe 


Weare Y 





Knurling of Socket 
Screws originated with 
“Unbrako” years ago. 











OVER 40 YEARS IN BUSINESS 


STANDARD PRESSED STEEL CO. 


JENKINTOWN, PENNA. BOX 102 


BRANCHES —— 
BOSTON e« CHICAGO « DETROIT « INDIANAPOLIS ¢ ST.LOUIS ¢ SAN FRANCISCO 
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Ace you building or preparing 
to build machines on which electric 
motors may be exposed to dripping 
liquids, grease contamination, fall- 
ing objects, or any kind of mechan- 
ical injury from above? If so, here’s 
the answer to your problem. 

R &M Uni-Shell Motors—long 
recognized for uniform interchange- 
ability of all types in any one frame 
size (a big designer help ia itself)— 
now offer uniform protection as well. 

In polyphase, single phase, and 
DC types, these Protected Head 
Motors contain no trouble-inviting 


ROBBINS « MYERS - INC. 


MOTORS - HOISTS - CRANES- MACHINE DRIVES - FANS - MOYNO PUMPS 


76 


vertical openings. Standard open 
motors, in fully sealed ball-bearing 
construction, provide drip-proof 
protection at no increase in price. 
Sleeve-bearing motors can be made 
drip-proof by the addition of cover 
plates to standard Uni-Shell heads 
without increase in length, hub to 
hub. 

Get all the facts, first hand, on 
this brand-new line of Protected 
Head Uni-Shell Motors by writing 
the Motor Division for your copy 
of Folder 1904, today. On your 
business letterhead, please. 
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power units 


Te eee 


scone aaa ae 
WS wake youn tine 


FOOTE: BROS 


RE 


.«- you will want copies of these books! 


vlletin UPA for the first time gives 
gineering data on a newly developed 
proach to power transmission. In 
is bulletin are shown compact Power 
nits. These “packages of power” as- 
re absolutely correct mounting of 
ars, sO essential to efficient opera- 
mn, particularly when the gears are 


(LETS) Phigh precision. Their design incor- 


a] 
, 


Fom prates “A-Q” gears, described below. 


Moron Bulletin AQA gives complete engi- 
al fring information on the design and 
ORS" pplication of “A-Q” (aircraft quality) 


sENER 


» |frars. These new gears assure greater 
chanical efficiency, longer life, 
ghter weight, more compact design 
hd quieter operation. 





These gears embody advance tech- 
niques in design and manufacture that 
permit operation at higher speeds and 
make possible loadings far in excess 
of values customarily considered safe 
design. By incorporating them in the 
machines you manufacture, your engi- 
neers may be able to solve difficult 
problems now confronting them—may 
be able to improve the performance of 
these machines and may be able to re- 
duce over-all costs. 


These books should be in the hands 
of every designing engineer or manu- 
facturer interested in equipment re- 
quiring the transmission of power. 
Check the coupon and mail it today. 


UTE BROS. GEAR AND MACHINE CORPORATION « 5225 South Western Blvd., Chicago 9, Ill. 
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Foote Bros. Gear and Machine Corporation 

Dept.O, 5225 S. Western Blvd. 

Chicago 9, IIl. 

Gentlemen: 

Please send me Bulletins checked below. 

0 Bulletin UPA on Foote Bros. Power 
Units 

CO) Bulletin AQA on Aircraft Quality Gears 











abana IN ADVANCE... right now the future of | Thermostat’s report, either buys bellows and com- 
many post-war products is being assured well _pletes his assemblies in his own shop or has 
in advance ... For today more and more manu-__ Bridgeport do the entire job. If he does the 
facturers are saying: “Let’s get in touch with * latter he receives bellows assemblies on schedule, 
Bridgeport Thermostat; let’s incorporate Bridge- __ built to exact specification . . . ready to install... 
port bellows assemblies in our. new designs.” usually at a cost much lower than would have been 


What is the result? possible in his own plant. 


ba , eel 7” . . . 
First, Bridgeport Thermostat engineers study . Yes, Bridgeport technique is the secret ingre- 

Mr. Manufacturer’s proposed product... specify dient in countless devices which will amaze the 

the size and type of bellows and bellows assembly _ post-war world with their ingenuity and efficiency. 


required, basing their recommendations on exact Write for Bulletin VK-100. It contains informa- 
operating conditions. tion of interest to everyone concerned with design 
Next, the manufacturer, acting on Bridgeport and production of mechanical devices. 


Sellows Aessenblien... Sellows... Sellows Deview 








ui 
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PROJECTING HUBS or EXTENDED RIMS 
No Problem to Accurate Tooth Forming 
... for a SIDE-TRIMMING 
FELLOWS GEAR SHAPER 





Close view of a 7-type Fellows Side-Trimming Gear Shaper cutting 
internal teeth for an automobile transmission clutch gear. 


FT aiealin Compact design requirements sometimes dictate the need for cut- 
“S INTERWAL DIAMETER ling precision external or internal gear or clutch teeth close to a 
OF CLUTCH GEAR . * i . . 
projecting hub or inside an extended rim, where conventional types 
of cutters and machines cannot be employed. 


To accomplish such work, Fellows makes a Side-Trimming Gear 
Shaper and special side-trimming cutters. The cutter has the same 

oe ern ee number of teeth, which are also the same shape as the clutch teeth. 
: ee The cutter teeth are made thinner than the required width of the 
omuume cine | tooth spaces, so that the cutter will enter the previously drilled 
SOW holes, as illustrated. 


! 
' 
! 
’ 


The cutter- and work-spindles do not rotate, but an oscillating 
motion is imparted to the cutter-spindle, so that the cutter teeth 
en. SSS). SV alternately cut the corresponding sides of the teeth. This opera- 
wites tame Y O10" tion progresses until the tooth spaces are machined to the desired 


' Wy yyy PP width, when the machine stops automatically. 

es The accompanying diagrams are indicative of the nature of such 
work. Our engineers will be glad to work with you in solving your 
gear or other related problems. Write: The Fellows Gear Shaper 
Company, Springfield, Vt., cr 616 Fisher Building, Detroit 2, or 
640 West Town Office Building, Chicago 12. 


MEI MY3$'¢—— 
$F Yjj$}ijs ‘ ‘ 
Wi fis 
Progressive stages in the cutting of an internal clutch 








Sear as illustrated above. The Side-Trimming Cutter 
alternately cuts corresponding sides of the teeth. 





E FELLOWS METHOD...MACHINES AND TOOLS FOR ALL OPERATIONS FROM BLANK TO FINISHED GEAR 
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to help you sell 
your POSTWAR 
PRODUCT 





Design Idea 


UICK visual indication is a sales advantage for 
_“_hundreds of products. And G-E Neon Glow 
Lamps have outstanding qualities as indicators. 
Use them on home appliances, wiring devices and 
industrial electrical equipment! 


CHECK THESE UNIQUE FEATURES OF G-E NEON GLOW LAMPS 


1. Distinctive orange red 
glow, needs no cover glass. 


2. Dependable long life— 
rated at 3000 hours. 


3. Very low current con- 
sumption. 


4. Variety of sizes and watt- 
ages. 


5. High resistance to vibra- 
tion and shock. 

6. Usable on AC or DC cir- 
cuits. 

7. Work on regular 105-125 
volt circuits without the 
use of step-down trans- 
formers. 


8. Practically no heat. 











—S 

















ZT a @CE 


HOME APPLIANCES ... Build more useful- 
ness into your appliances. G-E Glow Lamp 
gives instant visual indication that range 
units are on. Other applications: waffle 
irons, electric irons, roasters, heating pads. 
































WIRING DEVICES... No fumbling in the 
dark to find the light switch if it has a 
G-E Glow Lamp. When lights are off, the 
glow lamp is a highly visible indicator as 
to location of the light switch. 











THESE ARE TYPICAL EXAMPLES of indicator light assemblies 
made by several manufacturers to house G-E Neon Glow Lamps. 
For names of these manufacturers, write to the address below. 











INDUSTRIAL EQUIPMENT...G-E Glow 
Lamp in voltage tester can be used to it- 
dicate polarity, frequency, DC or AC, 
well as voltage. Other uses: exit indicaton, 
fire alarm stations, panelboards. 





FREE! New folder describes typical uses 
for G-E Neon Glow Lamps and giv 
lamp data. Write address below. 


GENERAL @ ELECTRIC 


1 Newark Street, Hoboken, N. J. 
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CONTINENTAL 


STEEL CASTINGS 


} 14 








Heavy mill gears cast by Continental— 
12 feet in diameter and each weighing 
20,000 pounds form the gear train 


shown below. 


Continental carbon and alloy steel cast- 


ings, recognized for dependability, are 





the result of production “know how” 





and continuous research for improved 


castings. 


Other Continental products in- 
clude rolls, rolling mill equip- 
ment and special machinery. 
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CONTINENTAL macamne company 


CHICAGO - PITTSBURGH 


. CHICAGO WORKS, EAST CHICAGO, INDIANA 
ITSBURGH WORKS, CORAOPOLIS, PA. « WHEELING WORKS, WHEELING, W. VA. « WARWOOD WORKS, WHEELING, W. VA, 
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EB are IPCAST BABIES’ 


lecast is a new fabricating technique for — tion of an ounce to one-quarter pound. Tk , 
quantity production of small metal parts hav- Ipcast field starts where metals, tolerances aml 
ing rigid specifications. Ipcast parts with their 


tt. 


finishes prohibit the use of ordinary methots} 


previously impossible specifications, open new __}; If a part cannot be economically produce \ 
avenues for expansion of design. « to your requirements by machining, pressure} 
All in a day’s work for Ipcast is the produc- ; die-casting, forging, screw machine or punch 
tion of small parts calling ; press, we suggest sending us a detailed drav 
for metals hard or impossible * ing with complete specifications on metal 











to machine—close tolerances ‘ tolerances, finish, yearly volume and rate of 
—plain and intricate con- delivery. Be sure to include an actual sample 
tours—weights from a frac- of the part. Address all inquiries to Dept.4 








Se 


TING COMPANY 
SIXTEENTH ST., CHICAGO 6, ILL. 
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Developed through research 





- ee Controlled in production 


Shown above is a section of Victor's laboratory devoted to the develop- 

ment and testing of oil seals. Units of the machines for which Victor 

seals are engineered are set up in this testing laboratory. Each seal 

design is carefully checked under conditions which simulate the actual 

job to be performed; shaft speeds, eccentricity, misalignment, lubricant 
temperature, and lubricant pressure are carefully duplicated. The seals on test 
are observed for thousands of hours to determine life performance. 


When material and design have been approved, the seals are put into quantity pro- 
duction. But the testing goes on continuously, from production samples selected at 
random. This production control assures maintenance of the high quality of all 
Victor oil seals. 


The facilities of this laboratory and the services of a competent, experienced tech- 
nical staff are at the disposal of any manufacturer with a sealing problem. VICTOR 
MANUFACTURING AND GASKET COMPANY, P. O. Box 1333, Chicago, Illinois, U. S. A. 


SEALING PRODUCTS SExclasiucly 
Vi 


GASKETS AND OIL SEALS 
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The "Before and After” Story of a Belt 
Drive. The photograph at the left shows a 
flat belt drive on a Libby Turret Lathe at the 
Inland Steel Company; the photograph at the 
right shows turret lathe after replacement of 
flat belt with Veelos. Idler has been elimi- 
nated... belt slippage has been ended. . 
and the lathe now takes a cut almost twice 
as deep as before. 


Link Construction Ups Production 







VEELOS 


THE CINK 


V-BELT 


Adjt 









Adaptable to 


Belt Slippage Ended . . . Lathe Takes Cut Almost Twice As Deep 


— Inland Steel Com- 
pany has installed Veelos, 
machine production has increased. 

Veelos—the adjustable V-belt— 
has demonstrated its unquestionable 
value to Inland department heads. 
For example, consider the drives 
shown in the “before and after” 
photographs of the Libby Turret 
Lathe. The former flat belt drive con- 
stantly slipped. Veelos ended this 
slippage completely. In fact, these 
Veelos drives have not even been re- 
adjusted since their installation in 
May, 1944. Yet these drives operate 


istable to any Length 


any Drive 






MANHEIM MANUFACTURING & BELTING COMPANY 
MANHEIM, PA. 

















24 hours a day, 6 days a week | 
need for the idler shown with 
flat belt drive has been elimina 
And, equipped with Veelos, this 
ret lathe takes a cut almost twice 
deep as it was able to take wi 
equipped with flat belt. | 





In Every Type of Industry, 
Veelos Helps Increase Production} 
Write today for your free Vel 
manual as your first step oa 
using Veelos. A single drive ¥ 
convince you of the meee 
Veelos... just as Inland has 
convinced. 
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os, this OTH are Permite Castings. The one pictured Close tolerances in the casting process are 

sae tiles at the top was cast in sand, and weighs achieved with Permite permanent molds. There 

cohd 4 lbs. 6 oz. The other is a permanent mold casting is less “dead” metal to pay for and to remove by 
of the same part, and weighs only 3 lbs. 10 oz. machining. Uniformly accurate dimensions mean 
Because the initial order called for a limited 


faster machining, faster production, lower pro- 















i ¥ > , 
ustry crantity, sand castings were supplied. But later Oise ébei: 
roduction orders, in greatly increased quantities, justified a 
ree Vel change to permanent mold. Permite modern foundries are equipped to give 
ep om The Permite customer gained the saving of lighter you high quality aluminum alloy castings of the 
drive weight per casting, and the other ad- type which best meets your needs. Prepare for 
antages ig mona vantages that obtain when the quantity increasing postwar competition by consulting 
| has id . and the nature of the casting design with Permite engineers on your castings require- 
permit the use of permanent molds. ments. Your inquiry will receive prompt attention. 
NY ALUMINUM INDUSTRIES, Ine. 
* CINCINNATI 25, OHIO 
x Detroit: 809 New Center Building New York: 9 Rockefeller Plaza 
Chicago: 616 South Michigan Ave. Atlanta: 413 Grant Building 
PERMITE ALUMINUM ALLOY CASTINGS 
mber, 9) Mactine Desicn—November, 1945 85. 








How to buy 


Improved Steel Castings 


War experience has taught us a lot of 
things of value to you. 

For instance—how to make steel cast- 
ings that meet exacting Army and Navy 
tests for Soundness, for clean, smooth 
Finish, for precise Dimensions. 

And how to deliver, within narrow 
limits, the metallurgical properties de- 
manded by the end use. 











This broadened experience, plus new 
equipment and new techniques in the 
foundry, plus a highly trained organ- 
ization—these are now available to 
you for the better products of a peace- 
time world. 

The way to buy improved steel cast- 
ings is to buy them from Dodge Steel. 

When may we talk it over with you? 





DODGE STEEL CASTINGS 


DODGE STEEL COMPANY © TACONY, PHILADELPHIA 35, PA. 
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Y , CIRCUIT SAI 
E R C U R S W : T C H E S lity is 4 challenge which ‘ ae a 
Qual line but ‘ 7 Pi 
; Ps ust dec 
ith the return of civilian products, Littelfuse Mercury the weak ™ ue joyfully oe 
: ; : stro CIRCUIT S, 
witches, as before the war, will prove more reliable and which the eptance 4@ bance of 
, —e . ace 
aptable to a wider range of uses. Switching operations accept bb 


wrageous planni"§ circuit Pr 


e performed by rotary motion—regardless of pcsition ful thinking. 1 jarery cm 















axis in rotation—as applied to rear trunk doors, glove sont research CIRCUIT Pi 
° . att 
mpartment doors, pilots’ cock pit doors, hatch doors,  ®SU! demands a “* igilance IRCUIT..SA 
+ + in ‘ 
turn and bank indicators, etc. INCE and unen parr IN ciRCU 
RCUIT gainst thetempt4 IRCUIT SA 
a 
: ema 

Actual size of mer- : RCUIT table inferiortty; itd ‘ RCUIT SA 
cury switch 36" dia. = af RCUIT ¢ , ding desire to serve cuit SAi 
by 146". Note the no- TIRCUIT: an unben ‘1 to purs#® peur p 

splash feature built . : i ell and the wt a | 
into center contact <a 2 cuit -” u ag ly the desir e HT SAF 
button. wa wi pircuri} = =y,nwaver? om crutr 

Revit SANs andards of perfe 


Designed for low voltage circuits and low power appli- cmeuir 
htions—the improved Littelfuse MERCURY SWITCHES __ peuir $a¥ 
corporate invaluable experience gained in war produc- tiRcuT PR, oad t0 CUNT 
on to bring you better quality at no additional cost, RSUIT SAFI plishment- MY SAI 


PIRCUIT PR: 5 ‘ur. PI 
LITTELFUSE INCORPORATED RCUIT SAFE “Y: resident r SAF 


K737 N | : 
- Ravenswood Ave. . Chicago 40, Illinois cycurr pro Ls PR 


sai 
The path of quality #8 me ee F 


victorious 2600” ir Sat 
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SHEETS EXTRUSIONS ¢ MOLD 
Cut, molded or extruded —Acadia Synthetic Productsc 


be processed to the closest tolerance to meet your m 








exacting requirements—in any shape, size or type ofs 





thetic rubber you need. ; 
al 


Chemically, too, they can be compounded ‘to malgthe « 





specific conditions with emphasis in varying degree ¢ os 
JB alti 
resistance to air, light, petroleum, ozone, etc...or qualilifing a 


b an 

found in natural rubber—and some that are not. wp 
med ¢ 

Tell us the characteristics, or combination of charac perc 

] 4 ( 


istics, you need. Acadia’s engineers are ready to helpy de 
work out the exact synthetic necessary. 


WRITE US TODAY! shi 
a to 


ae . 
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UTOMATIC ENGINE CONTROL is an 
amazing mechanism. Acting as a 
hand for the pilot it relieves him 

the constant manual manipulation 

ssary to keep manifold pressure and 
re set correctly as he changes speed 


B altitude. By automatically main- 


haracté 
helpy 


ing a pre-selected setting throughout 
nb and descent, it assures full rated 
er output, prevents “over-boost” and 
ned out engines. 

reviously, the constant manual ad- 
ing of engine controls demanded a 
ht proportion of the pilot’s time dur- 
vital altitude changes in combat 
t. Even so, he could make only inter- 
ent and approximate adjustments. 


sattention was constantly diverted 


his job of fighting. His vulnera- 
to surprise attack was high. 
xperts claim that if automatic en- 


2 R 


2 states > 
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The Simmonds-Hobson 
Automatic Engine Con- 
trol is made in America 
by Simmonds Aeroces- 
sories, Inc. 


The Automatic Engine Control, that gave America the world’s 
fightingest planes, might never have been completed. 


gine controls had been generally avail- 
able for Allied fighter planes during the 
Air-battle of Germany, fighting efficiency 
would have been so increased that 
bomber losses might have been reduced 
as much as 50%, 

British fighters that were so equipped 
made such a remarkable showing that 
engine control became a hot “must” for 
our Army. 

Production schedules were set up even 
before design problems were licked. 
Planes and engines were built. An im- 
proved control unit was developed—but 
when it came to the coil spring that 
actuates and balances its operation, no- 
body could be found to make it. 

This spring, a vital part of the con- 


trol mechanism, was required to exert, 
over every point of its functional range, 
an exact and unvarying pre-set inch- 
pound loading. In addition, it had to fit 
already predetermined and very close 
space limits. 

Our well known spring engineering 
ingenuity was called upon to overcome 
this intricate spring problem. Today, we 
are the main source of supply for this 
impertant spring program. 

It is this faculty for doing the seem- 
ingly impossible—for combining with 
the fine art of spring design, unusual 
technical and manufacturing facilities— 
that we put at your disposal for the 
solving of your spring problems, no mat- 
ter how exacting. 


AMERICAN STEEL & WIRE COMPANY 
Cleveland, Chicago and New York 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 
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MASS PRECISION AND 


ROUNDNESS 





Price and accuracy have always been closely united. The finer the work the higher 
the price. A new production method will change the relationship and lower the price. 
Years ago it was impossible to get true roundness in production. Today, with ad- 
vanced methods, round pins .4060” in diameter, and true to quarter-tenth toler- 
ances, are an inexpensive part of a Nichols Assembly. 

Perhaps you have an expensive precision manufacturing and assembly job that is 
a stickler — Nichols would like the opportunity to show you how inexpensively it 
can be made when Mass Precision methods are applied. Our booklet “Mass 
Precision” showing some products made for other concerns will be sent on your 


request. 
W. H. NICHOLS & SONS, 48 Woerd Avenue, Waltham, Mass. 
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PRECISION ENGINEERING AND MANUFACTURING FACILITIES FOR MASS PRODUCTIO 
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WITH 
SIVYER. .) 


* When you specify Sivyer castings, you can be sure of 
castings of blueprint accuracy—castings measuring true to_ 
pattern shape, contour and dimensions. 


This extra degree of finishing found in Sivyer steel castings— 
finishing that goes beyond the point of usual foundry practice— 
means less expensive handling, less processing at your end... 
means castings that get on the job faster. 


And on the job, too, you save with Sivyer castings. For 
they’re longer lasting castings—the products of nearly 37 years ° 
of casting experience and skill... of the most modern 
in scientific testing and control. 


The next time, try Sivyer. 


TVWWER STEEL 
CASTING AA PALLY 


"MILWAUKEE CHICAG 
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The crankshaft of a Diesel engine—the rotor shaft of a steam 
turbine—the spindle of a machine tool are typical of the 
*‘basic’”’ functions forgings must perform in making engines, 





“ power plants and machinery live up to “their good name” 
in actual service. ; 
When you buy such a forging, you want faithful adherence i 
to specifications but you also want something more. You want ti 
an inherent quality that spells longevity and freedom from 
trouble. To possess these qualities:a forging must be born of 
clean steel and handled with constant skill through all the crit- 
ical stages of forging, heat treating and precision machining. 
It takes equipment, experience and men who really have the 
‘*know how’”’ to produce that kind of forging—and that is the 
only kind of forging worth while buying, if your reputation 
hinges on how that forging performs. Let National Forge tell 














you about it now, for National Forge can serve you now. " 

Have you read ; y 

this book? If not, t1 

palie ton ie aoe NATIONAL FORGE & ORDNANCE CO. g 
IRVINE, WARREN COUNTY, PENNSYLVANIA 

“WE MAKE OUR OWN STEEL” R 

ELECTRIC STEEL HYDRAULIC FORGING HIGH PRECISION MACHINING i 

4 > Bir 

Gr 

Ne 

St. 
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OR USE 
ANY WAY YOU CHOOSE.. 

















Why let a motor dictate its “terms of installation”. 
Specify Reliance Series C Alternating Current 
Motors and you can quickly make wiring connec- 
tions to suit any type of machine mounting. Just 
see what you can do: D 


CHECK THEse 





Completely eliminate external conduit box by 
tucking 220/440 leads into internal conduit box 
through either of two lead outlet arrangements 





9 en 
out dirt, Chips " Slosure, keep 


i) 


" @xce 
...0F rotate external conduit box to any of four 2. Stee; ** Moisture, 


different positions 


-..or move box to opposite standard simply by 
removing rotor and turning stator 180 degrees. 


Now—before you buy another motor—write or call 
your nearest Reliance office for complete informa- 
tion on this and the many other important ad- 
vantages of these precision built Reliance Motors. 


RELIANCE ELECTRIC & ENGINEERING CO. 





1079 IVANHOE ROAD CLEVELAND 10, OHIO 












Birmingham « Boston « Buffalo « Chicago e Cincinnati « Detroit 
Greenville * Houston ¢ Kalamazoo « Knoxville e Los Angeles ¢ Mi poli 
New Orleans ¢ New York ¢ Philadelphia « Pittsburgh e Portland, Ore. ¢ Rockford, lll. 
St. Lovis © San Francisco ¢ Seattle « Syracuse ¢ Washington, D. C. 











RELIANCE*%:;:MOTORS 
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@ Consult with our en- 














gineering representatives. 
They will gladly work with 
you in developing “Even 
Trim’’ Spiral Wound 
Brushes, of wire, horsehair 








or tampico, to meet your 
particular finishing require- 
ments. 


INDUSTRIAL BRUSHES of all Types |” 
For BETTER PRODUCTIO 





Applic 
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PERFECT UNI-=-FILL 
BALANCE 





Carefully controlled distribution of the 









brushing stock gives perfect balance These scratch brushes are uni- brushes made in in re 
and maximum efficency to these power formly filled. They cre trimmed various diameters and degrees oMpany « 
driven rotary brushes. Wire or fiber. May with a “bite” to give the best stiffness for many different opplfrftuen 
be used as individual sections or in assem- performance obtainable with cations are sturdy in construction ond oe 
blies. hand scratch brushes. in perfect balance. ie 


feren 
hE Cc 


PITTSBURGH Ai 


PLATE GLASS COMPANY 
Brush Deuisiou 


3221 Frederick Avenue + BALTIMORE-—29 
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ALL THE FACTS 
OR SUCCESS AT THE 


YOU NEED 
PACKING POINT! 


New Packings Manual Replaces All Other Data on Design and 
‘pplication of Hydraulic and Pneumatic Mechanical Packings 


lere in one handbook is all the 
asic information you need to in- 
ure your design’s success at the 
acking point. 

Graton & Knight’s new ME- 
HANICAL PACKINGS MANUAL gives 
pu— at last — reliable facts in a 
bid of mechanics where no adequate 
xtbook has ever been available. 

You will find in its 336 pages a 

orough discussion of how to select 

Ipes and materials . .. how to de- 

#20 recess and adjacent parts... 
lany other basic principles which 
liluence packings life and machine 


ction ondperformance. 


Over 100 drawings of packings 
‘sign and application. Nearly 50 
terence tables which will save you 
he-consuming calculations. 100 


photographs of successful installa- 
tions, causes of packing failure, etc. 
SAVE TIME AND TROUBLE 

You save time — for the appli- 
cation information, diagrams and 
tables lead you quickly to the right 
solution of your problem. You save 
trouble—for the proper packing, 
properly installed in your equip- 
ment, gives the customer satisfac- 
tory service. 

WRITE FOR YOUR COPY 

Get your copy now — refer to it 
when your design reaches the pack- 
ing point...read it as a “re- 
fresher” course in packings. The 
handbook is bound in genuine 
leather to withstand constant usage. 
Send coupon and $4.50 to Graton & 
Knight Co., Worcester 4, Mass. 


RATON & KNIGHT COMPANY 


PRCESTER 4 


MASSACHUSETTS 


cr 


| 
| 
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“The Finest Source of Packings 
Know-How | Have Ever Seen’”’ 


That’s how one leading designer describes the 
G&K MECHANICAL PACKINGS MANUAL. Look 
over this partial list of features and you will 
see why the Manual is a must for every 
design engineer. 


Principles of Hydraulic and Pneumatic Machines... 
Selection of Packings Materials . . . Basic Packings Types 
... Fundamentals of Application ... Design and Applica- 
tion of Leather Packings and Accessories . . . Synthetic 
Rubber Packings . . . Selection of Packings Types for Spe- 
cific Applications... Hints on Installation and Main- 
tenance of Packings . . . Common Causes of Packings Fail- 
ure ... Causes of Corrosion in Machine Parts Adjacent to 
Packings. 


MAIL THIS COUPON FOR YOUR MANUAL 


GRATON & KNIGHT COMPANY 
320 Franklin Street 
Worcester 4, Mass. 


Gentlemen: Please mail me, prepaid,... copies of 
MECHANICAL PACKINGS MANUAL, for which I 
enclose $... 


COMPANY........ 


ADDRESS 


Loe ae oe es oe a ee aes oe = 


World’s Largest Manufacturer of Industrial Leather Products 
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MODERN PRECISION WELDMENTS } 
FOR ly 
y STUFF’ 


Modern large-scale precision weldments, made possible by 
advanced techniques developed during the war, are already 
proving highly advantageous in the heavy machinery in. 
dustries. Special weldments, designed, fabricated and fp. 
ished at Warren City, are replacing steel castings in many 
important applications. In the Bliss Enclosed Press show, 5 
here, the crowns, beds and slides are now Warren Cite 
weldments, saving weight and increasing strength. Hig : 
precision is assured by accurate normalizing, stress relieys 
ing, machining and testing, with the finest and mal} 
modern scientific methods and equipment. a 























Finishing a precision-tested Bliss press crown, 
fabricated from welded steel plates at Warren City 





a cca 


WELDMENTS SAVE WEIGHT, ADD STRENGTH, 
IN FAMOUS BLISS INDUSTRIAL PRESSES 


al 

Eliminate Pattern Costs available to you at Warren City Manufacturing Com- 
and Casting Defects! pany. Located in the heart of the Cleveland-Pitts- le 

burgh industrial area, our huge seven-million-dollar 
IF YOUR PROBLEM involves the use of heavy steel plant contains every modern device for handling, E 
castings or weldments, be sure you don’t overlook cutting, fabricating, welding, normalizing, machin- | 
the unusual production facilities and know-how ing, assembling and testing heavy steel machinery, qi 
parts and equipment. Whether, as in the case of the it 


E. W. Bliss Company, your situation may call for 
redesigning your present steel castings to enjoy the 
many advantages of modern precision weldments, 
or whether your need is simply for extra production 
capacity without increasing the size of your plant, 
our engineering staff will be glad to offer you their 
: | recommendations without obligation. Write today 
—————— Y | for our illustrated brochure, including a complete 
ee | listing of our modern and extensive facilities. 

> 83°00 


WARREN CITY MANUFACTURING COMPANY «** AG 


DEPARTMENT A 


WARRE N, OHIO | Wholly Owned Subsidiary of 
i GRAHAM-PAIGE MOTORS CORPORATION 
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Design that part in @.Vii ce 





See How 
ArmaSteel Speeds Production 
of Vital Parts 


Step Up Output... Cut Down on “Chips” 
in Your Manufacturing Operations 





TRANSMISSION PARTS 


Comparative figures indicate part of the 
saving effected by ArmaSteel: Weight of 
forging formerly used, 8-2/10 Ib., weight of 
Arma! rough casting, 5-7/10 Ib.: weight 
of finished part, 3-3/10 fb. 











ArmaSteel, cast close to finished dimensions, cuts 





machining requirements and machining man-hours 






as much as 50 per cent... substitutes profitable pro- 













: 66 Loon? ‘ : 3 HOUSEHOLD 
waction ee chip yeemton: And besides speed apeianete 
ing operations and reducing costs, ArmaSteel offers INDUSTRY 







ArmaSteel is used for man 
parts requiring high strengt 


a uniform structure of great strength and high re- oop menttes Ss ome 

















. . it 
sistance to shock and stress. Its maximum endur- necting rod caduenabelee, ; 
or instance. ¥ 


ance, high rigidity, excellent machining qualities and 






om- 
itts- 










long life make it ideal for critically stressed parts. UNIVERSAL 


ollar JOINT 
Pr Engineers and designers are invited to compare the FE pl i 


a qualities of ArmaSteel with the qualities they seek broach load from 
ie 


ifor | in the vital parts of their own products. 
y the 





lt is entirely possible that ArmaSteel can 


ents, effect similar savings and improvements in 

tion your plant’s processes and ducts. We 
suggest that you write us, iling your 

lant, requirements. 

their a 

rt f INDUSTRY 
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BUY VICTORY BONDS 





AGINAW MALLEABLE IRON DIVISION OF GENERAL MOTORS 


SAGINAW, MICHIGAN Reg. U. S. Pat. Of. 
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URFACE-FINISH analyzer has been developed 

by the British which makes use of the interference 
of fringes of light for producing a series of bands 
which follow exactly minute differences in the 
surface under test, these bands being in effect a 
number of highly magnified pictures of the surface 
contours. Mechanical errors or electrical effects are 
eliminated. 


REVERSIBLE PROPELLER braking on large, 
high-performance land-planes will provide greater 
safety, greater efficiency and greater passenger com- 
fort as well as impressive saving in operating cost. 
This method of braking has been tested with various 
combinations of small wheel brakes on a total of 70 
landings of a B-32 four-engine bomber, according to 
Curtiss-Wright Corp. Beside reducing landing runs 
to one-half, performance is improved through the 
weight reduction achieved. 


DIRECT MEASUREMENT from zero to four 
inches (reading by estimation to 0.00001-inch) is 
achieved in a vertical micro-optic measuring machine 
recently produced in Britain. Fast in operation, its 
accuracy depends not on moving parts but on a pre- 
cision glass scale. 


LIQUID HONING has been applied to the finish- 
iug of aircraft propellers, intricate shell parts, jet 
engine parts and other parts requiring supersmooth 
finishes. The process, developed by Vapor Blast 
Manufacturing Co., is based upon the use of a very 
fine abrasive in a chemical emulsion which is dis- 
charged by compressed air against the surface to be 
finished in a fashion analogous to sand blasting. 


FOG DISPERSAL on airfields is now facilitated 
by the development of a new type burner using diesel 
fuel oil instead of low octane gasoline. Developed by 


ace 


Babcock & Wilcox Co., the 

burners are ignited electrically 

from the control tower, burning 

with a bushy flame of an intense heat 

and minimum smoke while in operation, 

starting up or shutting down. Fuel oil is forced 

through the nozzles at pressures between 1000 and 

15,000 psi. Since no preheating or vaporizing is 

necessary the flame can be ignited when the valve is 
opened. 


HERMETICALLY SEALED in welded cans, air. 
craft engines are protected against moisture and 
damage in their shipment to occupation areas. Se- 
cured to shock mounts in the bottom of the con- 
tainer, the engines are under 8 psi air pressure, 
pumped through a valve which can be checked for 
leakage with an ordinary tire gage. 


BUG BOMB aerosol dispensers, used by the armed 
services to combat malaria and yellow fever in insect- 
infested areas will be available to civilians in the 


near future. Combining DDT with quick-acting 


pyrethrum insecticide the bomb differs from other 
insecticide dispensers in that it releases a fine mist 
into the air, the pressure being supplied by freon, 


ELECTRON MICROSCOPE, because of its ability 
to recognize particles as small as 0.005-micron, is 
being utilized by Westinghouse in the study of air- 
cleaning problems. Not only can the nature of foreign 
material in the air be studied but also the efficiency 
of the air-cleaning process itself can be evaluated. 


BOLT, NUT, SCREW and other fastening devices 
produced by 500 companies averaged $500,000,000 
in shipments annually during the war years, screw 
machine products produced by 1200 companies aver- 
aged $800,000,000 annually, and pressed metal parts 
produced by 2800 companies averaged $1,500,000; 
000 annually, according to WPB. 


COAL PLANER, a radically new type of coal 
mining machine developed by the Nazis, eliminates 
the costly task of cutting, drilling, blasting and load- 
ing. Taking a 12-inch slice from the lower third of 
a coal seam the planer loads onto a chain convey 
as it is pulled along by wire cables. The upper tW® 
thirds of the seam caves over the planer and into the 
automatic loading troughs. In this way the machine 
can mine 800 tons daily from a single working place 
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achine tool design is set free from a host of limitations Let Vickers Application Engineers consult with you on your 
en Vickers Hydraulic Controls and Drives are used. With new designs. 

0 difficulty at all, the designer has an extremely wide 

vice of feed rates, traverse rates, RPM, sequence of mo- ~é Wicker’ Incorporated 


ins, accelerations or decelerations, and thrusts. 


1430 OAKMAN BLVD. ¢ DETROIT 32, MICHIGAN 


actically any machine tool can be designed and built to Application Engineering Offices: Chicago ¢ Cincinnati ¢ Cleveland 
: exactly the required job by using Vickers Hydromotive Detroit ¢ Los Angeles ¢ Newark ¢ Philadelphia ¢ Rochester ¢ Rockford 


ontrols in one of the infinite number of combinations pro- Taleg + Wersester 
fed by more than 5000 standard Vickers Units. 


addition, positive overload limitations can be built into 


y machine—definite safety factors provided for both the \ /! : 
chine and the operator. { € 4 E k § H y | rau I ic 


ly Vickers Hydraulic Controls provide all the advantages 
hydraulic operation—including exceptional compactness C 0 NTR OLS an d DRIVES 


¢ reliability. 


NGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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THIS MOTOR IS GEARED |. 


TO BOOST YOUR 












A small, light weight, but 
powerful unit that can be geare 
down as low as 106 R. P. M. fo 
countless product applicatio 


Teaming up the advantages of a universal motor with atts 
modern gear reduction unit, this Dumore Motor has just the rig 
combination of horsepower output, low speed, and high startia 

torque required on so many of today’s peacetime products. Th 
gear reduction unit, available in five ratios, provides a full lm 
speed as low as 106 R. P.M. and the high torque needed 
relatively heavy loads in motion with ease. 
To help you incorporate the advantages of this compact pore 
unit into your own product is a service Dumore Engineers 
unusually well qualified to provide, for they draw upon4 
wartime experience in the development of all kinds of sped 
motor design features for the armed forces. 
Pave the way for better product design and earlier prod 
tion—“Motor-plan” your product now with Dumore Ei 
neers. The Dumore Company, Motor Division, Dept. MK?5 
Racine, Wisconsin. 
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By R. O. Klenze 


Design Engineer 
Acme Steel Co., Chicago 


RDINARILY considered economical only for large quantity production, resistance 
welding is now being employed for short run work with equally satisfactory results. Fig. 1—Parts to be pro- 








Use of inexpensive fixtures on press type resistance welders, in a manner compar- jection welded in weld- 
to a punch press with various die sets, makes possible improved design, increased ing machine. Fixture 
duction and lower costs. A wide variety of cast and forged parts can be redesigned is open to show contact 





resistance welding. Cost comparisons on some jobs have shown substantial savings on 
intities as low as a thousand parts. 
No.intermediate. material is. used in resistance welding. The heat for welding the 
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parts is produced by their resistance to an electric current. 
When the current and heating are localized through a 
small area by electrodes of proper shape the well known 
spot weld is produced, a most satisfactory method of join- 
ing light sections. Another way of localizing the current 
and heating is by means of projections formed on the parts. 
This method, known as projection welding, is of special 
value in joining heavy sections by utilizing welding ma- 
chines of moderate capacity and by employing suitable fix- 
tures, Fig. 1. 

Low-carbon steel requires the least critical welding con- 
ditions. Satisfactory welds may be obtained over a wide 
range of current, pressure and current timing combinations. 
The following examples and discussion apply to parts 
made from low-carbon steel. 

The handle, Fig. 2, is an excellent example of a part suit- 
able for redesign as a welded unit. Fig. 3 shows the re- 
designed, resistance-welded handle which is now replac- 
ing the former cast handle. The handle now consists of a 
length of cold-drawn steel tubing, resistance welded to a 
yoke which was made on a punch press. The yoke is 
blanked from cold-finished steel in a compound die. Two 
upper pin holes which are too close to the bend line to re- 
main circular after forming are omitted in this blanking 
operation. After forming the yoke they are drilled in a 
simple universal drill jig. 

Fixtures to position parts for resistance welding are 
simple to design and inexpensive to build. They are made 
from a nonmagnetic material having high conductivity and 
sufficient strength for the pressure used in making the 
weld. Contact surfaces are generally a hard copper alloy 
so designed that they may be replaced easily. Water 
cooling of the contact surfaces is preferable and should be 


Fig. 2—Above—Original handle for 
a strapping machine was a casting 





" provided wherever possible. 


Air cooling, howevg, 
satisfactory in some cases when a small amount of he. 
generated and ample time for its dissipation jis alls 
between welds. 

A resistance welding fixture installed in a welding 
chine is shown in Fig. 1 with the parts to be weldel 
place. This fixture, used in welding the handle showy 
Fig. 8, made 3000 welds before redressing of the cop 
became necessary. q 

Hinged portion of the upper fixture as seen in Fig 
was left open to show the upper welding contact, 
upper and lower contacts are Mallory No. 3, a fairly ig 
copper alloy with good conductivity, and are attached 
the aluminum-bronze castings with screws. All con 
surfaces between inserts, castings, welder platen and yw 
are ground to insure good conductivity. A flexible op 
per braid to the right of the handle carries current frgpini 
the upper platen to that half of the welding contact in 
hinged portion of the tube clamp. Current thus enty 
the tube from the sides about %4-inch above the wel 
rather than from the upper end of the tube. 


Air Cooling Is Employed 


Water cooling is not practical in this fixture because tidhe 
upper part has a hinged welding contact. Air cooliy 
therefore, was decided upon and has proved satisfactoy 
A portable blower of the type used to clean motors is en 
ployed, the nozzle being directed toward, and located 
about 10 inches from, the welding contacts. sitabl 

While redesigning the handle for resistance welding, a « 
various radii and bevels were tried on the tube before b® Th 
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Fig. 3—Below—Redesigned handle is tub- 
ing projection welded to a stamped yoke 
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us engdopted is a simple bevel made on 
he waite screw machine at the time the 
bes are cut to length. Flash is 
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he need for its removal. Failure 
1a destructive test, Fig. 4, always 
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Base Is Combination Welded 


Another good example of a part 
uitable for redesign is the base 
welding a strapping tool shown in Fig. 
efore hf This base was originally a heat- 
reated alloy-steel casting. All the 
rts of the redesigned base, Fig. 
are cold-finished steel to facili- 

fe welding. After welding and 
achining, the completed base is 
fat treated to obtain the required ; , 
rength. Fig. 7 is an exploded Fig. 5—Above—Original cast steel base for a strapping machine 
showing the seven parts 

hich are welded together to make 


Bisse Fig. 6—Below— Welded base replaces base in Fig. 5. This base is a combination 


resistance and arc welded assembly 


Immediate Production Desired 


Owing to delay in obtaining 

tel castings, it was necessary to 

pit the welded base into produc- 
im. Fixtures had been built and 
‘fsistance welding procedures set 
® for only three of the welds. Arc 

; lding of the other parts, how- 
my, permitted immediate produc- 
opm of the base. A careful cost 
a talysis will be made when time is 
Wailable. If this indicates a fur- 
Ft reduction in cost can be ob- 
ined by resistance welding the 
now being arc welded, these 

too can be redesigned. The 

mesent combination of resistance 
nd are welding may prove to be 
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the most economical way to make this base. 


Welding of the large block A, Fig. 7, to the flame-cut 


base plate B is the most interesting problem on the rede- 
signed base shown in Fig. 6. The two projections on the 
bottom of this block, Fig. 8, required for projection weld- 
ing to the plate are obtained by form milling the block in 
two directions. It would of course be more economical to 
form hemispherical projections in base B with a punch 
press and experimental welds of this type were made. 
Tests showed, however, that projections of sufficient size 
to make good welds weakened the base and produced an 
unsatisfactory product. 































Pulsation Welding Employed 





Pulsation welding is used, the timer setting being: Weld 
interval 360 cycles, heat time 10 cycles and cool time 4 
cycles, using a 60-cycle control current. ‘This setting of 
the timer applies pressure to the weld for 6 seconds but 
the weld current does not flow continuously. It flows in 
pulses. of “LO cycles with an off time of 4 cycles between 
pulses. 

The welding fixture for this base is copper and both the 
upper and lower parts are water cooled. Upper welding 
contact is Mallory No. 3, and the lower welding contacts 
consist of two rectangular pieces of Elkonite 10W53, silver 
soldered to the lower part of the fixture. These pieces con- 
tact the lower surface of the base plate B as shown in Fig. 
9, directly below the projections on block A when the parts 
are positioned in the fixture. The upper welding contact 
is held in place with screws and required dressing after 
approximately 1000 welds. The lower contacts have 
made 8000 welds without dressing. 

After these jobs were rated and the fixtures turned over 
to the shop for production, excessive wear of the welding 
contacts was reported. Investigation showed that the 


operator, after acquiring a little skill, could and did, 
welds in less time than that at which the job was y 
This produced heat in the fixture at a rate greater j 
that which the cooling provisions could dissipate, cay 
the contacts to burn and requiring frequent drog 
When the fixture overheated the operator would take 
off until the fixture cooled, but the damage already}, 
occurred. This is a common problem in shops where pi, 
rates are established on all jobs. The solution of this, 
simple and has proved satisfactory in production, 

As the production rate for which the fixture wa; ; 
signed was satisfactory and refrigeration methods of oy 
ing were too expensive for short run welding, an jgy 
pensive, adjustable mechanical timer was installed jn 4 
control circuit. This device made the welder inoperj 
for a predetermined time after a weld was completed, }j 
welding machine still remained under the control of 
operator as the timer did not control the maximum tig 
intervals between welds. The next weld was not maj 
until the work was located and the operator closed 
usual switch for initiating a weld. If he closed the swit 
too soon, nothing happened. The operator need » 
keep his foot on the switch and after the proper inter 
of time the machine would commence the welding cyd 


Welds Can Be Duplicated 


The press type resistance welder used for the prod 
tion of these parts consists of a heavy frame to which 
attached a fixed lower electrode and a movable wg 
electrode. Pressure is applied to the upper electrode} 
means of an air ram. A transformer located in the fram 
of the welder provides the low-voltage, high-amperg 
welding current required. An electron-tube timer a 
power switch contro] the welding cycle. 

Projection welding makes possible the use of a moder 




















Fig. 7—Drawing sh0 

a ing seven parts U 

to make the base i 
Fig. 6 
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WaS nile welder but requires a careful design of the part and 
reater ihe establishment of an exact welding procedure. Once 
te, cay welding procedure has been established it requires but 





t dressltle time to set the welder controls and install a fixture to 
1 take § plicate a previously made weld. 

lready jy 

vhere pig Cleanliness Is All Important 

of this 

_ Cleaning of the parts to be welded is of the utmost im- 
© Was (@ tance. The soil on low-carbon steel consists principally 
ds of e mill scale, rust, oil, dirt and grit. Resistance is an im- 
, 7 itl tant factor in making a weld. If varying amounts and 
led Mil@-.ds of soil are present, uniform welds cannot be made 
a ‘i cause of variations in resistance. The surfaces contact- 
ueted, fh 


ng the electrodes must be as clean as the surfaces to be 


rol of welded. If soil prevents the electrodes from making good 


mun ti ntact they start to burn in spots. This continues until 
not mag he entire surface is destroyed. All soil must be removed 
Closed i lo produce uniform welds of maximum strength and also 
the sw » obtain satisfactory life of the welding contacts. On 
— “Bnall parts the use of cold-rolled steel eliminates the scale 
ar intery 














nd rust problem, improves appearances and generally is 
more economical than any satisfactory method of scale re- 
soval. Most pickling methods for scale removal leave a 
fim caused by the pickling acid or the inhibitor that is as 
bjectionable in welding as the mill scale. A satisfactory 
e produright pickle or a grinding operation requires immediate 
whichifvelding before parts begin to rust, or intermediate oiling. 
le up Blasting with chilled iron grit is a satisfactory method of 
trode icale removal in some cases. Sand blasting must not be 
the franffsed; as the sand driven into the surface is almost as ob- 
amperagmectionable in welding as the scale it removes. 
imer a Washing in a vapor degreaser with an organic solvent 
immediately before welding is the most satisfactory method 
moderaigof removing oil and dirt. The small amount of grit which 
still remains on the parts does not affect the weld appre- 
ably, but does cause pitting of the welding contacts. In 
many cases the number of welds made between dressing 
contacts can be tripled by wiping this grit from the 
jart when loading into the fixture. 
Washing in a detergent followed by a hot water rinse 
i not satisfactory. A film of calcium and magnesium salts 
fom the hot water rinse tends to form over the parts. This 
flm is responsible for the lusterless or streaked appearance 
f the metal and interferes with the welding operation 
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lig. 8—Right—Projections on base 
block A are made by form milling 
in two directions 
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even though the preceding washing operation has removed 
all oil and other soil. 

Welding fixtures must be kept clean to produce uniform 
welds and obtain the maximum contact life. New or re- 
dressed contacts should be lightly coated with grease be- 
fore making the first weld. The fixture and contacts must 
then be kept free of oil, dirt and splatter from the welding. 

After contacts are fitted and burned they should be 
ground or machined to the original dimensions by the tool 
room. {A file used by the operator is not a satisfactory way 
to dress contacts; it is preferable to provide him with suf- 
ficient replacement contacts for the job. 

A fundamental requirement for good welding, often 
overlooked, is heat balance. Heat balance exists when 
the fusion zones of the pieces to be joined undergo ap- 
proximately the same amount of heating. This balance 
exists when the parts are of equal thickness and of the 
same material. When the parts are of different thick- 
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Fig. 9—Above—Base in welding fixture showing position 
of welding contacts with respect to projections on block A 









nesses or materials the heat balance, though the effect is 
difficult to evaluate, is obtained in several ways. In spot 
welding it is obtained by using electrodes of different sizes 
and materials. In projection welding, area, proportions 
and locations of projections in conjunction with the choice 
of electrodes controls the heat balance. 


Ideal Projection is Dome Shaped 


Design of projections for materials up to 3/16-inch 
thickness are well established and tables in several of the 
references listed at the end of this article give their pro- 
portions. The current required is approximately the same 
as for a spot welding material of equal thickness. On 
heavier material extrapolation of these proportions is not 
always satisfactory. Experimental welds of various pro- 
portions must be made on the welding machine. The 
preferred projection is dome shaped and made on the 
thickest piece. If multiple projections are used all must 
have the same height. They must withstand the initial 
pressure without undue deformation and have sufficient 
mass to raise a spot in the other piece to welding tem- 
perature. The projection should collapse during welding, 
without splatter between the parts and the parts should 
come together. The proportions of a projection on low- 
carbon steel may be varied over a considerable range with 
satisfactory results, but as the area is increased the current 
is proportionally increased and it becomes difficult to ob- 
tain uniform current distribution throughout the weld 
area. Current required on heavy pieces with correctly 
designed projections is much less than that required for 
spot welds on equivalent thicknesses of material. 

Designers should remember, though this article deals 


Utilizes Exhaust Gases tor Power 

















primarily with resistance welding, redesign of certain , 
for arc welding or for a combination of are and Tesista 
welding may be most economical. It is also wel] tp) 
in mind that the strength of a resistance weld need F 
be the optimum required for the part. Stress calcul, 
of a part, particularly one made of several pieces, oj 
indicate a perfect weld is not required in certain plas 
Use of such data permits him to simplify design and wal 
ing procedure. In a highly stressed part the grain gi 
occurring in a weld may be refined by subsequent }, 
treatment. Some of the more complex welding machi 
now available permit the weld to be heat treated y 
the part is in the machine. This is accomplished by ay 
ond heating cycle, having different values of current » 
pressure, applied immediately after the welding cyck 
Resistance welding methods, when used for long pr 
duction runs on specially designed equipment, are yg 
established. Short production runs making use of jy 
pensive fixtures are not so well understood. Experiayg 
however, has enabled designers to make practical g 
rather common the design of parts to be made on a pu 
press and die sets for production runs as small as afd 
thousand pieces. Once they become equally familiar yi 
the design of parts for resistance welding and the desi 
of welding fixtures, they will find the resistance welde 
versatile machine for short production runs. 
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PERATING from engine exhaust gases, the turbos ™ 
percharger illustrated is lighter in weight, more cng. 

pact and more adaptable to varying aircraft engine ug .. 
' ecg rape HOR 
rangements than other designs. Within its clam-sha a 
housing, engine exhaust turns the turbine at 25,000 mp _ 
developing 150 horsepower to spin the centrifugal om % 
usec 





pressor. Designed by Wright Aeronautical Corp. the turd 
installed behind the aircraft engine, feeds air to the engi 
for increased power or for aiding the engine to 
properly at high altitudes. 

Capable of withstanding exhaust temperatures as 
as 1700 degrees the turbo has been proposed for us 
commercial transports. For this use the unit has e@ 
tional “acoustic filter” properties, increasing the com “4 
air transport travelers by muffling the exhaust noise. ™ 
turbo also may be used to pressurize passenger CW 
Turbosuperchargers function at maximum efficiency W 
out relationship to speed nor to altitude. * 

In the experimental work to produce the advancee® 
sign the Wright company has gained experience and 4 
important discoveries useful in the furtherance of i#% 
turbine work. Because the turbosupercharger is 4% 
turbine in reverse”, experience in both fields is large 
terchangeable. 
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'xperi LEXIBLE diaphragms in thrust measuring unit 


ctiedl a shown at right obviate intricate mechanisms, 
mn a pungee ife edges and other parts subject to wear. Devel- 
| as afoped by the Hagan Corp., the unit is equally capable 
niliar wigot measuring forces as small as a few pounds or as 
the dei@ilarge as the thrust of a jet airplane engine. In the 
> weld stch below the instrument is applied to a cradle 
dynamometer to measure torque in either direction. 

Flexible diaphragms form one face in each of the 
‘wo airtight chambers. Compressed air is admitted to 
his chamber through a poppet type pilot valve. The 
™iorce to be measured is applied to the outside of the 
diaphragm and is opposed by internal pressure. As the 
force increases, the pilot valve is opened and admits 
nore air to balance the increased force. As the force 
decreases, air is exhausted until the external force and 
internal pressure are equal. Thus the air pressure 
within the chamber provides a direct measure of the 
externally applied force and may be indicated re- 
notely by any desired number of manometers, pres- 
sure gages or recording devices. Response of the in- 
wre strument is practically instemtaneous because the 
hie diaphragm movement necessary to operate the pilot 
000 ra ralve is extremely small. 

Because of its simplicity, the instrument may be 
used in any position, facilitating torque measurement 
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of vertical helicopter engines. Its compactness 
and ability to provide a reading of force with 
practically no deflection suggest utilization for 
analyzing many structural stress and strain 
problems. Construction of the unit permits 
its use under conditions where dust and dirt 
or cramped quarters preclude application of 
conventional measuring devices. 
















Cemented -carbide bearings with 
journals of the same material have been ap- 
plied to small grinders by the Carboloy Co., 
minimizing maintenance and increasing 
bearing life more than fifty times over the 
bearings previously used. Diamond wheels 
are used in these grinders, the necessary 
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wheel pressure being about ten times that employed with , pu 
ular abrasive wheels. Under these conditions the stqy, in fl 
bearings, designed for normal service, ran accurately for 

a week and then showed signs of wear. 

Installed at each end of the grinder shaft the carbide hey 
ings, left, are combination thrust and radial-load sleeves yi 
conical surfaces. The outer bearing member is 78B Carhg, 
with a running clearance of 0.0005 to 0.0008-inch. Grade 
Carboloy is used for the journal and is attached to the gy 
with Woodruff keys. The surfaces are grooved for the luby; 
which is a mixture of kerosene and colloidal graphite fed; 
the bearing through a cup and wick. Bearing surfaces are ¢; 
mond lapped to a finish of one to two microinches. 
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Chemical compositions of solids, liquids or solutic; 
may be analyzed in a short time with an infrared spectroscopy 
shown below, developed by Westinghouse Research Labor: 
tories. Infrared light, produced by heating a silicon carhit 
rod to incandescence, is passed through the specimen tol 
tested. Mirrors and prisms guide the light along a 3+ 
zigzag path to sensitive receivers. These receivers conve 
the light into electrical current, amplify it and record the i " 
formation electronically on a chart outside the machine. Fr 
the peaks and dips on the chart it is possible to identify ek 
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ents quantity of each, amount of 
1 with purities, etc. The analysis depends 
> stondaln the characteristic frequencies of 
ly for giff.e molecular vibrations in each ele- 

nent which the spectroscope can 
bide ballientifty by tuning the frequency of 
>€VeS wWilhe infrared beam. Also, fundamen- 
| Carbo) data on molecular structures may 


atade Wi. obtained through the use of this 
) the shifinstrument. 

> lubriog 

Lite fed 

S are dj 


Simultaneous spraying of two 

olors produces the effect of two- 

oat spatter finishes by utilizing a 

gun to spray the two colors through 
solutioa—ine nozzle as illustrated at right. The 
ctroscops gun, developed by Sherwin-Wil- 
1 Labowhiams, differs but slightly from ordi- 
1 carbitffcry spray guns. It has the normal 
en 0 Mfontrol valve and fluid control valve, 
a Sof rigger assembly, head, fluid tip, and 
> CONE needle. However, it has an addi- 
d the if ional fluid inlet near the head of the 
ne. Fiuisun to accommodate the second 
ntify ebfsolor paint. Some of the pattern 
styles obtainable include: Smooth 
finish color over color, color over 
metallic, metallic, and a combina- 
fion of metallic enamels simulating 
hammered finish. 








; 








Fiber-molding process is be- 
ng utilized at General Electric's 
Pittsfield plant to insulate irregular- 
thaped parts or windings, right. 
Eliminating the conventional slow 
laping operation, the process pro- 
vides a uniform distribution of paper 
pulp on the part being insulated. 
The object to be treated is wrapped 
with untreated tape and a fiber tube 
attached to the tape. The form is 
then suspended in wet pulp and the 
pulp is sucked around the part by 
Connecting the tube to a vacuum 
pump in such a way that the tape 
pPtovides a channel for the water to 
be removed from the pulp. The form 
is left in the slurry till the desired 
} Wall thickness is obtained. Complete 
drying is obtained by placing the 
Part in ~m oven. White tape is 
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wound about the insulation to pro- 


tect it from impurities during the dry- Fusing steel to glass in a permanent airtight seal is bein 
ing operation. Prior to the drying, accomplished by a new process which is more foolproof the 
any imperfections are smoothed out. other methods and, in addition, permits the use of a staple meta 


for the seal instead of special alloys which are 
more costly and sometimes scarce. The new 
procedure, developed by RCA engineers {o; 
sealing metal-enclosed tubes, depends or 
good “wetting” of steel by glass and on me 
chanical design which provides compressior 
strains at the glass-metal boundary to compen 
sate for differences in expansion of the twc 
materials. 


Grid patterns for studying strain analysis have 
been applied in the past by more or less cumbersome 


methods. Douglas Aircraft and Carnegie Illinois Steel 


inside of a metal band. As shown below, the 
glass button serves to insulate the wire leads 
and the metal band is an insert which is joined 
to the header by welding. The principle whict 
permits the use of steel for the insert involves 
the fact that glass is a solvent for oxides. By 
applying intense heat from fine jets of gas 
flame to the outside of the oxidized steel band 
after the glass has been softened and pressed 


the glass. Before this principle was applied 


while the former left a porous interface be. 
tween the metal and the glass. 

This advance in the manufacture of meta! 
tubes greatly simplifies production by eliminat 
ing individual seals in metal for each wire con- 
nection, replacing them with a more depend- 
able seal between the button and header. All 
the leads in the new design go through the 
glass button and are sealed to it. 


have, however, simplified the pro- 
cedure by spraying a light-sensitive 
paint called Transfax on the speci- 
men to be tested. A reduced nega- 
tive of linear coordinate graph pa- 
per is then laid in contact with the 
painted surface and exposed to the 
light of a flood lamp. Washing the 
surface with a weak solution of am- 
monia water leaves the surface with 
fine white grid lines. After the speci- 
men has been deformed these lines 
are examined, shown above, with a 
low-power microscope which in- 
cludes a reticle with accurately 
spaced lines to measure distortion. 
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Surfaces sealed by the new method are thef, 
outer edge of a flat, round glass button and the «= 


into the band, all excess oxide is dissolved intof’ 


too much oxidation was as serious an obstacle’ 
as too little, the latter preventing adhesionft=” 
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NLIKE FORGINGS used in some other types of 
machines, those used in the automotive industry al- 
most always are hardened and tempered. Alloying 
dements are added to automotive forging steels for several 
ourposes, the chief of which is to 
ncrease the hardenability in order 
0 secure greater response to the 


the severity of the quench, but usu- 
illy is about %4-in. diameter with a 


Alloy steels often are preferred for 


values, the actual borderline depend- 

ing largely on the type of stress in- 

“olved. Alloys are used also for improving properties other 
than tensile and impact, such as resistance to corrosion 
ind erosion, creep at high temperatures, impact at low 
temperatures, and wear and abrasion. Another common 
reason for employing alloy steels for automotive forgings 
s the closer control and inspection exercised during their 
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making, which result in fewer rejections during fabrication 
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at customer's plants. For example, Willys-Overland has 

consistently used alloy steel for steering gear parts for 

many years regardless of the calculated stresses because no 
failures in these parts can be tolerated. 

It is now generally recognized that 

steels of different chemical composi- 

tions possess the same tensile proper- 


quenching of large sections. The By Roger F. Mather ties (tensile and yield strengths, 
imiting size beyond which alloys are elongation, and reduction of area) 
required to secure thorough harden- Chief Metallurgist when thoroughly hardened and then 
ing on quenching depends on the Willys-Overland Motors, Inc. tempered to the same hardness, at 
carbon content of the steel and on Toledo, Ohio least below 400 brinell. The impact 


and fatigue strengths of such steels 
are also more or less independent of 


carbon content of 0.40 per cent. | their analyses. As a result it generally 


is agreed that steels of equal harden- 


parts tempered to higher hardness Specific Applications ability may be safely interchanged as 


far as tensile properties are con- 

cerned, providing they are tempered 
to the same hardness. The hardenability of a proposed new 
grade can be predicted with a fair degree of accuracy 
from its composition. To a large extent therefore the choice 
of alloying elements for increasing hardenability depends 
on commercial factors such as cost and availability, al- 
though certain limitations and preferences result from 
metallurgical considerations. For example, steels containing 


11] 





more than 2 per cent manganese are inclined to be brittle, 
particularly if the carbon is high. Nickel and silicon possess 
considerably less hardening power than some other alloys, 
so that silicon is principally used for deoxidation alone, 
while nickel most often is used in combination with 
chromium or molybdenum, or both. Chromium, like man- 
ganese, imparts brittleness when present in large amounts, 
and therefore is combined with such elements as nickel, 
molybdenum, and vanadium in the more highly alloyed 
constructional steels. 

Alloys also differ greatly in their effect on properties 
such as creep and corrosion resistance. For instance, nickel 
and copper are employed for improving corrosion resis- 
tance, molybdenum for creep resistance, and nickel and 
molybdenum for toughness at low temperatures. The alloy- 
ing elements further affect to varying degrees the fabricat- 
ing characteristics such as rolling, forming, deep drawing, 
forging, machining, and heat treatment. Generally speak- 
ing, alloy steels are more difficult to fabricate than plain 
carbon steels, and the greater cost of these operations must 
be considered in addition to the increased price of the raw 
materials. The higher the properties required in the finished 
part, the greater the difficulty of shaping it into final form. 


THOROUGH-HARDENING ALLOY STEEL ForGINGs: Princi- 
pal forgings in the Jeep made of the so-called thorough- 
hardening alloy steels include the Pitman arm, steering 
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Fig. 1—Front wheel, showing Bendix-Weiss universal 
joint. Brakedrum is gray cast iron. Axle shaft, wheel 
spindle and king pins are carburized alloy-steel forgings 
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intake \ alyes 


spring clips, 
rear axle shafts, and Tracta front axle shafts and whe 
spindles. In all of these parts except the intake 
alloy steels are used solely for the purpose of increasing the 
hardenability. ‘They are all quenched in oil, and most are 
tempered to a mean hardness of 300 to 360 brinell. Carbon 
contents from 0.37 to 0.42 per cent have been successfully 


arms, drag-link bell crank, 


ilves 


used at one time or another. The “P” value*® and i:npact 
strength are not appreciably affected by carbon content 
in this neighborhood, which affords a reasonable margiy 
of safety on quenching. Fine grain size (ASTM Rating 
Nos. 5 to 8) is speeified, in order to secure maximum “P’ 
value and to avoid grain growth on heat treatment. Wher. 
ever possible, the steel is purchased according to guaranteed 
hardenability limits because they are narrower than thos 
obtained by using the chemical specification alone. Open 
hearth rather than electric furnace steel is employed for 
all alloy steel parts in the Jeep except those made from 
stainless steels, namely, the exhaust valve heads and the 
heat control valve shaft. 

A variety of optional grades of steel originally were 
specified for these forgings, principally 1340 (0.40 per 
cent carbon, 1.75 per cent manganese), 4042 (0.42 per 
cent carbon, 0.25 per cent molybdenum), and 5140 (0.40 
per cent carbon, 0.80 per cent chromium) for the low 
stressed parts, and 3140 (0.40 per cent carbon, 1.25 per 
cent nickel, 0.65 per cent chromium) and 4140 (0.40 per 
cent carbon, 1.00 per cent chromium, 0.20 per cent mo- 
lybdenum) for the highly stressed parts. The options afford 
flexibility under changing conditions of price and availabil- 
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ity, the former being emphasized in peacetime, the latter in 
wartime. With the advent of wartime shortages of ferroal- 
loys, the triple-alloy National Emergency steels were intro- 
juced, being formulated in such a way as to reduce to a 
ninimim the additions of virgin materials by making the 
greatest possible use of the nickel, chromium and molyb- 
jenum residuals, which would otherwise be undesirable. 
in general, the 8600 and 8700 series have been well re- 
ceived by both producers and consumers. On the other 
hand, the 9400 series has met with some disfavor among 
producers because residuals frequently exceeded maximum 
illoy contents, necessitating diversion of heats, and among 
consumers chiefly because of the high cost and low harden- 
ibility. However, metallurgical and dynamometer tests 
showed that all three series were capable of meeting every 
requirement of the Jeep for thorough-hardening alloy steels. 


Cost Affects Popularity of Steels 


Predictions as to which grades of alloy steels will be the 
nost popular during the postwar era can only be tentative 
it present, since their relative prices are subject to re- 
vision. The 8600 and 8700 series already have joined 
the ranks of the standard alloy steels, and no longer are 
considered merely wartime substitutes. Their present 
prices, however, are hardly justified by their hardenability 
and other properties. At present the price of the 9400 
series is higher than the 8600 and 8700 series, which will 
he illogical when the residuals have been sufficiently 
lowered through dilution of scrap by pig iron. The trend 
toward single-alloy steels will be due to the speed and 
simplicity with which they can be produced. The trend 
in the opposite direction will be governed by the amounts 
f the residuals, taking into account the paradox that a ste<] 
ontaining several different alloys of equal hardening power 
has greater hardenability that one containing the same total 
mount of any one of them. The relative merits of nickel, 
chromium, vanadium, and other ferroalloys for improving 
hardenability and other properties can be argued at length, 


but the deciding factor will be the effect on the cost of the 


finished part. Surveys have shown that a larger ratio of elec- 
tric furnace to open hearth alloy steel may be anticipated 
‘or postwar as compared with prewar. However, it is doubt- 
‘ul whether the automotive industry will share this increase 
n the use of electric-furnace steel, at least unless the price is 
made sufficiently comparable to that of open-hearth steel, 
: possibility that appears unlikely. 

Another important unknown is the future price of the 
‘special-addition-agent” (S.A.A.) steels, which are made 
by adding such materials as Grainal and Ferro-Boron to 
plain carbon and alloy steel. The principal use of these 
igents is to improve hardenability, and their popularity 
lor this purpose will likewise depend on their effect on the 
cost of the finished part. They possess an advantage over 
ther alloying elements in that they do not affect the fabri- 
cating properties, so that they may offer considerable 
economies when substituted for conventional alloy steels 
of equal hardenability. In the case of the Jeep, plain 
carbon §.A.A. steels probably would suffice, since the 
eanest of the present alloy steels are satisfactory. S.A,A. 
iteels also show some advantages as regards physical 





945 


properties when compared with conventional _ steels. 
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Fig. 2—Rear wheel axle shaft is forged alloy steel because 
good hardenability is needed. Wheel hub is cast malleable 
iron and brakedrum is cast gray iron 


namely, greater toughness at high hardnesses and slightly 
increased “P” values at all hardnesses. 

CARBURIZED ALLOY STEEL Forcincs: Principal car- 
burized alloy steel forgings in the Jeep are the transmission 
gears, transfer case gears and shafts, differential gears and 
shafts, hypoid ring gears and pinions, king pins, Tracta 
male and female joints, and Bendix-Weiss front axle shafts 
and wheel spindles. Alloy steels are used for these parts 
because their sections are too large to harden otherwise on 
quenching, in view of the low carbon content; the core 
hardness must be adequate to support the case. Moreover, 
alloy steels are sold as being of guaranteed carburizing 
quality. Fine-grained steels are specified to avoid the 
necessity of double quenching. Most of the parts are gas 
carburized to a mean case depth of about 0.030 to 0.040- 
inch, and then quenched in oil—often with fixtures—with- 
out reheating. They finally are tempered at about 300 to 
400 F, yielding a hardness in the neighborhood of 60 
rockwell C. Apart from chemistry and grain size, inspec- 
tion specifications are confined to case depth and hardness. 
At the same time, gears have been among the most diffi- 
cult problems in automotive metallurgy, so that extensive 
dynamometer and other tests must be made before any 
substantial change in materials or design is approved. 
Pitting, scuffing, and chipping, rather. than actual breakage, 
are the chief causes of failure on these tests. 

Prior to the war, 4027 (0.27 per cent carbon, 0.25 per 
cent molybdenum) and 4620 (0.20 per cent carbon, 1.75 
per cent nickel, 0.25 per cent molybdenum) were the 
grades most commonly used for carburized alloy-steel forg- 
ings. Carbon contents of the 4000, or Amola, series gen- 
erally are higher than in other grades because of the low 
alloy content and because the hardenability is further de- 
creased by the extremely fine grain size resulting from the 
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Fig. 3--Jeep transmission contains forged carburized 

alloy-steel reverse idler gear, main drive gear and shatt, 

mainshatt, low-and-reverse sliding gear, and mainshaft 
second-speed gear. Case is gray cast iron 


molybdenum content. More recently 8620, 8720, and 
9420 (all 0.20 per cent carbon) have been used for all 
parts in this category with excellent results, as in the case 
of the thorough-hardening alloy-stee]l forgings. Again, 
two or more optional grades are specified for each part 
for the sake of flexibility. Costs will be the predeminant 
factor in deciding which steels will be preferred during the 
postwar period. S.A.A. steels would appear to be particu- 
larly useful for carburized parts, since they possess high 
impact resistance at high hardnesses. At present, how- 
ever, this possibility has not been sufficiently confirmed by 
actual experience. 

Bouts, Screws, AND Stups: As far as possible, stock 
items of bolts, screws, and studs made for the trade are 
utilized in the Jeep in the interests of cost and availability. 
In the lowest category of these parts no chemical or phys- 
ical properties are specified. Generally 1010 steel (0.10 
per cent carbon, 0.40 per cent manganese) is used if the 
parts are to have rolled threads and upset heads, while 
1112 steel (Bessemer screw stock) is used if the design is 
such that rolling or upsetting is impossible so that machin- 
ing is required instead. In the intermediate classes, me- 
dium-carbon unalloyed steels are used, with maximum and 
minimum hardness limits stipulated. In some cases these 
parts are hardened and ‘tempered, while in others they are 
merely stress-relieved after cold working. 

Hardened and tempered alloy steel is required for the 
highest class of these parts, for which stock items are less 
frequently used and for which material specifications must 
therefore often be written by Willys-Overland. Locations 
in which these parts are used include the connecting rod 
cap, crankshaft bearing caps, generator support insulator, 
cylinder head, steering arm, and axle shaft flange. Fine- 
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grained alloy steel with 0.37 to 0.40 per cent carbon range 
is specified, almost any of the regular alloy grades being 
adequate. The parts are hardened and usually tempered 
to 321 to 375 brinell. Where possible, a standard or sub- 
size specimen is cut from the bolt for complete tensile test- 
ing; otherwise the test for tensile strength is performed on 
the part itself without special machining. In. the latter 
event, experience has shown that the minimum tensile 
strength in pounds of a new part can be predicted from the 
formula: (Minimum brinell x 500—5000) x (Mean of 
Pitch and Root Cross-Sectional Areas). In these cases, the 
vield strength seldom can be determined, and ductility is 
specified by means of a bend test or an impact test in 
which the part, without special machining, is clamped and 
struck as in the Izod test. Decarburization is not specified 
at present since no difficulty has been experienced from 
this source. However, data have been accumulated s0 
that decarburization may be specified at any time it ap- 
pears advisable. 

In some instances the performance of bolts, screws and 
studs has little connection with the calculated stresses and 
physical properties, due to high initial tension imposed 
during assembly. This tension must therefore be con- 
trolled, and a torque wrench gives an approximation that 
suffices for most automotive work, though errors are 
caused by the varying amounts of friction between the 
mating threads. Where this error cannot be tolerated, as 
in some aircraft assemblies, the initial stress must be de- 
termined by an extensometer applied to the part under 
tension. 

Castincs: Three main types of castings are used in the 
automotive industry: Steel, malleable iron, and gray iron 
In addition several materials, many of them trade named. 
are available that border on these classifications, such as 
graphitic steel and pearlitic malleable iron. For the cast- 
ings, only gray and malleable iron are used in the basic 
Jeep, although steel is used on some auxiliary equipment. 
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Steel and a larger proportion of malleable iron are used in 
heavier vehicles, but the present materials have proved 
atisfactory for the Jeep even under the severest condi- 
ions of service. The main reason for this fact is that the 
tresses in many Jeep castings are relatively low, because 
the sections must be made thick enough to permit proper 
jow of the metal in the mold. 


Why Castings Are Used 


Intricacy of design is the usual reason for selection of 
the casting process. There is little prospect of the replace- 
ment of castings by weldments in the automotive as in 
the heavy machinery industry, at least as far as the lighter 
vehicles are concerned. Such substitutions usually are 
economical only in comparatively large parts. It is com- 
nonly said that gray cast iron is so brittle that it should be 
sed only where no impact resistance is required. How- 
wer, the material possesses sufficient toughness for many 
automotive parts and, in the remainder, strength is an im- 
portant consideration for preferring malleable iron; the 
ame is true in comparing malleable iron with cast steel. 
Malleable and particularly gray iron possess an important 
idvantage over steel in their resistance to wear; the ex- 
yosed particles of graphite are soon dislodged, forming 
oockets that hold the lubricant. Both kinds of cast iron 
iso have excellent machinability. 

Malleable iron castings in the basic Jeep are the wheel 
bs, frent and rear differential housing, and brake and 
jutch pedals. Recently, normalized forged steel AISI 
1141 (0.40 per cent carbon, 1.50 per cent manganese. 
.10 per cent sulfur) has been substituted temporarily in 
the pedals on account of a shortage of foundry capacity 
ind the availability of hammer capacity. All malleable 
ron castings belong essentially to one grade, and have 
ninimum physical properties in the neighborhood of 50,- 
(00 psi tensile strength, 32,000 psi yield strength, and 10 
er cent elongation in 2 inches. Chemisiry is not specified. 

The large number of gray iron castings in the Jeep in- 
ludes the cylinder bloek and head, piston rings, cam- 
haft, intake and exhaust manifolds, water pump body and 
mpeller, oil pump body and cover, clutch housing and re- 
ease bearing carrier, transmission case, transfer case hous- 
ng, flywheel, and brake drums. These parts fall sub- 
tantially into two classes: Those in which strength is not 
n important factor, so that machinability is the prime 
onsideration; and those in which strength and other phys- 
eal properties take precedence over machinability. In 
he former class, only a maximum hardness in the region 
f 180 brinell is specified, as compared with a range of 
bout 180 tc 220 brinell in the latter. Both local and over- 
ll uniformity of hardness are essential for good machin- 
ibility; annealing may be required for this purpose, but 
‘his operation is at the discretion of the foundry, provid- 
ng machinability and physical properties are satisfactory. 
‘hemical analysis is specified with relatively broad ranges, 
ince a particular composition is not required for any 
tiven application. Use of inocculants is also optional with 
he foundry. Occasional tests are made of the physicai 
roperties of sample test bars, including tensile strength, 
‘ransverse strength and transverse deflection. Microstruc- 
‘ure is also an excellent indication of the quality of gray 
st iron, the shape, size, and distribution of the graphite 
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particles being particularly important. 

Two cast iron parts, the piston rings and camshaft, dif- 
fer considerably from the foregoing description. The pis- 
ton rings contain about 0.35 per cent phosphorus for great- 
er wear resistance, the hardness being 98 to 106 rockwell 
B (228 to 293 brinell). Modulus of elasticity, which in 
cast iron depends on the form of the graphite particles, is 
controlled by specifying the force required to close the 
gap in the rings. The camshaft is the only alloyed casting 
in the Jeep, for which 0.30 per cent nickel, 0.75 per cent 
chromium, and 0.50 per cent molybdenum; or 0.90 per 
cent chromium, 0.50 per cent molybdenum, and 0.60 per 
cent copper are optional. Hardness is 262 to 293 brinell 
except on the cam lifts and fuel pump eccentric, which are 
chill cast to produce a minimum hardness of 65 shore 
sceleroscope (461 brinell). 

BEARINGS, BUSHINGS, AND THRUST WASHERS: The most 
critical bearings in the Jeep, as in all automotive vehicles, 
are the connecting rod and crankshaft main bearings. Prior 
to the tin shortage, tin-base babbitt containing 7.5 per cent 
antimony, 3.25 per cent copper and remainder tin, was 
used. Since that time lead-base babbitt containing 15 
per cent antimony, 0.5 per cent copper, 1 per cent tin, 1 
per cent arsenic and remainder lead, has been substituted. 
It generally is agreed that the main characteristics required 
in a bearing metal are embedability, fatigue strength, and 
resistance to scoring and corrosion. Wear is a problem 
only if these requirements are not fully met and an ample 
supply of clean and proper lubricant is not present. Both 
tin and lead-base babbitts show excellent performance as 


Fig. 4—Intricacy of shape is primary reason for use ot 
gray iron castings for clutch members such as the housing, 
release-bearing carrier and flywheel. Other materials 
used are: Forged plain-carbon steel for crankshaft, sintered 
bronze for clutch-shaft pilot bushing, forged carburized 
alloy-steel for transmission main driveshaft, and alloy 
steel for flywheel-to-crankshaft dowel bolt 
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regards all of these properties except that fatigue strength 


is relatively low. The bearing metal, only about 0.605- 
inch thick in the finished parts, is therefore cast onto a 
backing strip of 1010 steel, a construction that has proved 
entirely adequate. The use of a thin layer of soft alloy 
supported by a wrought or cast backing, often with an in- 
termediate material for better bonding and reinforcement, 
represents a definite trend in the metallurgy of bearings. 
Unlike most aircraft-type bearing materials, both babbitts 
have the advantage of being usable with crankshaft jour- 
nals tempered below 300 brinell. 

The Jeep piston pin is locked in the connecting rod an‘! 
floats in the aluminum piston without an intermediat: 
bushing. The pin hole of the piston is diamond-bored to 
a high finish and the part then tin plated all over. The 
pin is ground to a fine finish and selectively fitted to the 
piston. 

Ball and roller bearings in units transmitting power to 
the wheels, and in the wheel bearings, are stock items, 
the metallurgy of which has been developed by the bear- 
ing manufacturers. In some bearings, the races and balls 
or rollers are made from 52100 steel (1.00 per cent car- 
bon, 1.35 per cent chromium), hardened and tempered tc 
a minimum of about 60 rockwell C. In the remainder 
these parts are made from 4620 steel (0.20 per cent car- 
bon, 1.75 per cent nickel, 0.25 per cent molybdenum). 
carburized, hardened, and tempered also to a minimum of 
about 60 rockwell C. During the war 4720 steel (0.20 
per cent carbon, 1.00 per cent nickel, 0.50 per cent chro- 
mium, 0.20 per cent molybdenum) was formulated specif- 
ically for these applications and successfully substituted. 

Bronze containing 10 per cent tin, 10 per cent lead and 
remainder copper, is used in the most highly stressed cast 
bushings such as the front wheel bearing spindle and 
transmission countershaft bushings. It was used in the 


Fig. 5-—-Jeep transfer-case assembly. Carburized alloy- 

steel forgings are used for all parts indicated by arrows 

with the exception of the transfer-case housing and the 
bearings. Housing is gray iron casting 
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latter only in the military Jeep, being replaced by need| 
bearings in the larger transmission of the civilian Jeep, 
Sintered bronze containing 10 per cent tin, remainder cop. 
per, is used in the clutch shaft and Bendix starter pilot 
bushings. A drawback of sintered metals for some high. 
duty applications, such as spring shackle bushings, ap. 
pears to be their lack of resistance to crushing under im. 
pact. 

The crankshaft thrust washer is made of 1045. steel 
(0.45 per cent carbon, 0.75 per cent manganese), hard. 
ened and tempered to 207 to 255 brinell. Other thrust 
washers, as in transmission, transfer case, and front wheel 
universal joints, are made of bronze. 

SURFACE TREATMENTS: Some of the most important of 
recent developments in metallurgy include surface treat. 
ments of three kinds: Those that increase fatigue strength 
by means of compressive residual stresses on the surface: 
those that reduce wear by pitting or roughening the sur 
face so as to hold the lubricant; and those that provide a 
soft coating with superior breaking-in characteristics. 


Shot Peening Seeing Increased Use 


The principal method in the first category is shot peen- 
ing, which during the war was applied to an increasing 
amount of materiel. Parts of the Jeep treated in this man- 
ner are the tension sides of the two upper leaves of each 
chassis spring, the valve springs, and the yokes of the 
Tracta front axle universal joints. In the case of the —_ 
springs, for example, the intensity of peening is specified 
as 0.012-0.015 A2, meaning 0.012 to 0.015 reading on No. 
2 Almen gage, using the “A” test strip. The lives of these 
parts were increased ail hundred per cent by this 
treatment. It is interesting to compare this method, which 
leaves a roughened surface, with the use of polishing and 
superfinishing to increase fatigue strength by eliminating 
stress raisers. A method that has some peening effect and 
at the same time provides any desired degree of finish is 
vapor blasting, in which a jet of abrasive sand or crushed 
rock suspended in a water emulsion is directed under high 
pressure against the surface. Sandblasting used to clean 
forgings has the same effect to a minor degree, although it 
is preferred to pickling for other reasons. Nitriding is a 
chemical means of achieving the same purpose, though 
this is not the only reason for its use. 

The way in which the pitted surface of cast iron serves 
to hold the lubricant and reduce wear already has been 
mentioned. Shot-peened surfaces also possess this prop- 
erty. However, another method is used to maintain 2 
film of grease between the flat sliding surfaces of the 
Tracta front wheel universal joints, namely the formation 
ef a complex phosphate coating by means of the Parco 
Lubrite process. Still another method is hard chromium 
plating, which in the Jeep is applied to the shock absorber 
piston rod and carburetor throttle valve shaft. A variant 
of this process is the Van der Horst method, in which the 
current is reversed after plating, so that the fissures in the 
surface of the plate are enlarged. This method has proved 
beneficial in some engines when applied to the _pisto0 
rings or cylinder bores, but the full scope of its application 
has yet to be determined. The limit in treatments of this 
kind is reached in sintered and sprayed metal coatings. 
which are sufficiently porous to hold reservoirs of lubricant. 
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sation RODUCTION machining equipment is being evaluated more than ever before in 
Parco terms of “ability to repeat accurately and rapidly”. Applying this criterion for establishing 
mium the production qualifications of a specific method the turret lathe merits a high rating. 
sorbet A natural outgrowth of the old, well-known engine lathe, the turret lathe can handle 
ariant either bar or chucking work. Although adapted to produce parts economically in 
ih the quantities too limited to be suitable for the automatic screw machine, the turret lathe 
n the is primarily suited for parts not within the capacity of the screw machine. These might 
roved be unusually shaped or heavy forgings or castings requiring large holding fixtures, long 
piston complicated shafts, parts where excessively, heavy cuts are necessary, and complicated 
vation designs with a large number of finished surfaces such as shown in the illustration above. 
yf this This part is completed in 18 separate machining operations. Basic turret lathe 
tings, 
icant 
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Fig. 1—Below—Pictures serve to point up versatility of the turret /athe 
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operations and their general sequeng[iy pri 
of occurrence are illustrated in Figs, |Mesign 
and 2. Combinations and specialized pavie 
variations of these are used to provid bar 





rapid, economical production. tesign 
ated 

Two Machine Styles in Jens 

bout 

Classed among hand-operated ¢% i 
semiautomatic machines, turret lathe Ih 
fall into two classes—-horizontal ani on 
vertical. Horizontal machines can }y sf - 
either bar or chucking type with ran va | 















or saddle style turrets. Ram style ms. 
chines have the shortest travel, ar 
lightest in construction and suited pri: 
marily to handle bar work or lighi 
chucking jobs where the ram overhan; 
can be kept short. Fastest in opera: 
tion and designed to turn at high 
speeds, ram style machines can hand: 
with maximum economy bar wor 
from approximately %-inch diamete 
by 4 inches in length up to as high a 
2%-inch diameters by 14 inches i: 
length and chucking work up to lL 
inches in diameter (nominal swing ore 
may run to 20 inches over bed). The Snall ] 
longer stroke, more rigid constructioi. wstify 
and side-hung carriage of the saddle, * 
style machine makes it more suitabl 
for longer and heavier chucking 0: 
bar work which requires long turning 
and boring cuts. Available with a cros: 
sliding turret, the saddle style machine 
is used for facing deep holes in chuck 
work where tool overhang would be 
excessive with other arrangements. I 
is well adapted for producing interna 7 
tapers, contours and threads. Handling 
capacities may run as high as 12§ On ¢ 
inch diameter by 48-inch length forfens, ti 
bar work and up to 26-inch diametefficant 
with a maximum swing of approxif{nseq 
mately 28 inches over the bed forfamps, 
chucking work. iilized 

The vertical turret lathe is similarfed inc 
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1eng fn principle to the horizontal but is 
igs, Mesigned for considerably larger and 
ilizedeavier work. Not in any way adapted 
oviddtp bar work, machines of this type are 
signed for and will handle compli- 
ated chucking work up to 73 inches 
n length with a maximum swing of 
bout 78 inches. 
‘@ C8 Large quantity lot manufacture, 
athe sally requisite for maximum econo- 
| and ny in most methods of production, is 
in. by vot always a necessity. Part adapta- 
1 Tan lity — design for production with 
© If inimum tooling and set-up costs— 
, ar plays the leading role in economical 
d Pri and efficient production. 
light since tooling and set-up costs must 
rhang necessarily be divided between the 
yo number of pieces to be produced, 
'S'mall and medium quantity lots re- 
andh qure the maximum in design con- 
WON eration. These costs in low produc- 
metéfion are, roughly speaking, inversely 
gh “Epoportional to the ease with which 
€s Mitte part design can be reproduced or 
to I ized by standard tools using standard 
SWINSEtool holders and work-helding devices. 
: The Small lots (3 to 15 pieces) seldom can 
clio stify any special tools or holding 
addl fxtures. Naturally, medium. lot work 
itabldl 15 to 100 pieces) allows a consider- 
18 Ebly wider range in set-up to reduce 
mniroduction time per piece, but stan- 
‘°SBird tools and holders are most eco- 
hint nical wherever design will permit 
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oo tteir use rather than the more costly 
€ ° 
@ Eecial ones. 
its. Ii 
al ' 
tem Tooling to Increase Output 
idling 
s 124 On continuous or high production 
th forguns, tooling cost becomes an insig- 






meteifrficant part of the total cost per piece. 
proxi@Onsequently special tools, cutters, 
d forfamps, holding fixtures, etc., can be 
tilized to reduce machining, handling 
imilarged indexing time. Where unusually 











THREADING 


Fig. 2—Below—-These pictures illustrate simple external operations which, 
when used in combination, effect rapid, economical production of parts 
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Fig. 3—Left—Square turret on this set-up jgfhapes 
cam actuated to generate a smooth curve §yoid | 
Des 

shaped pieces are involved, entirely speciaqgereat } 
units are often designed for the job, /'ig, 3ffor !oac 
Bulky steel valve forgings are handled jer ol 
special chucks, Fig. 4, which allow indexinggvheels 
the part to a number of different positions jpossib 
order to finish the bore and flange faces, magpand-! 


in chu 






chine and thread the angular seat portions, jp 



































sert bronze seat rings, and finish machine thapoved 
seat inserts at the proper angle all at ong S0-C 
chucking. 0 pro 
Certain parts, possibly naturals for such ageeat fc 
an automatic screw machine, can be producegilg €x! 
more economically on the turret lathe owing hucki 
thin w: 






to the secondary operations which are possible 
The stainless steel control valve seat, Fig. 5 
is such a part. Owing to the fact that the cross 
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hole had to be located accurately in relatiog Parts 
to one face and be perfectly straight, a jig wagpe Pro 
necessary. Readily adapted to carry both thielucki 
necessary jig and an auxiliary drilling motorpigned 
the turret lathe provides for completion of thégeiuckit 
part at one handling. pairs, 
Desicn: Whenever quantities of individuag’s0 m 
parts are limited but a great many pieces ofpoduc 
a similar nature are necessary, designing fog Prod 
identical tooling gan reduce costs effectivelygtilizat 
Following this procedure, the cast iron valvgturet | 
pistons, Fig. 6, make an ideal turret lathe seipilky » 
2 comb 
Fig. 4—Left—Special indexing chucks provid: _ 
for economical production of odd-shaped part oon 
which require accurate, related surfaces iled it 
pressure 
up. Identical design details on all the piston’ ™ 
facilitate tooling and production. pertorny 
A good objective for the designer to kee proachi 
in mind during the evolution of a machine par arly su 
is to design for a minimum number of finishing’ ™*S 
operations. Machining to size consumes th" 
greatest amount of production time and cons¢ sh pr 
quently reduction in the amount of metal t Kaur 
be removed will help considerably to reduc@"© 
costs. This is true especially with frail partg?e-e" 
having thin sections which must, as a rule, b th st 
finished with extremely light cuts to avoid disf tons 
tortion. Likewise it follows naturally that th i diam 
simplest of shapes require the least number og'™ 10 
operations and are the easiest to reproduce iral 
Forming,—Fig. 2—one of the fastest methoc 
of producing a finished diameter or shape—c#! 
be utilized to advantage wherever the length ' 
forming cut does not exceed about 2% times th¢ Qua 
smallest diameter of the work. Another objecg#'® 2 
tive is ease and speed in chucking the parifite te« 
Symmetrical castings or forgings are ideal foi Part 
holding and allow the use of a scroll c! eds ca 
€ suri 
Fig. 5—Left—A swinging jig provides *“Prodt 
completion of an accurate and straight cross pom 
hole, obviating a costly second operatio 
ACH 
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| air or hydraulic chuck. Where peculiar or frail 
are necessary, special fixtures must be used to 
stortion, crushing or movement. 
ning for ease and speed in gripping work is of 
,portance in production applications. Any handling 
1g motion saved is directly multiplied by the num- 
yieces to be produced. Parts such as five-spoked 
yr pulleys are difficult to grip, therefore if at all 

either four or six spokes should be used. The 
le cover, Fig. 7, as designed allows little leeway 
king. Redesigning to provide for internal gripping 
dlved the problem. 

So-called chucking extensions are often required in order 
» provide a practical method of holding. The landing 
wear fork, Fig. 8, is an example showing the use of chuck- 
ing extensions. These are removed after machining. Such 
hucking extensions or in certain cases flanges are used on 
hin walled parts to obviate distortion. In many cases, pro- 
iion of an extension makes possible completion of the 
art before cut-off thus speeding production. 

Parts which form a portion of a circle sometimes can 
be produced in multiples to increase output and simplify 
tucking. The type bar segment, Fig. 9, de- 
ined as a single piece casting presents both 
jucking and machining problems. Cast in 
pirs, however, the blanks are easy to hold. 
\lso machining and accuracy are improved and 
roduction is doubled. 

Production economy is possible through the 
utilization of another feature common to the 
turret lathe—assembly and finish machining of 
ulky work at one handling. Parts requiring 
: combination of dissimilar metals finished all 
wer can be handled easily. A bronze seat 
ring on the east iron disk shown in Fig. 10 is 
dled into a machined locking groove under 20,000 pounds 
ressure and finally finished all over before removal from 
le machine. Assembly and rolling in of the bronze ring is 
stformed as merely one of the normal turret operations. 
hioaching from the hex turret has been attempted and is 
kirly successful with free machining materials such as brass 
imagnesium. However, it is nominally a hand opera- 
im and consequently is not recommended for inclusion in 
igh production work. 

Knurls are used much the same as in general screw ma- 
tine work*® but are for the most part limited to bar work. 
ben-end knurls are most economical and are produced 
ith standard adjustable tools. Proportions of such knurled 
pirtions are limited to 2% inches in length on bar 3%4 inches 
idiameter (maximum). Standard pitches available range 
»m 10 to 34 teeth per inch in either straight. diamond or 
jiral variety. 
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Finish Affects Production 


Quality of finish is important. If extreme accuracy or 
ie finish is necessary the production time is increased. 
ine feeds are required to produce a high quality finish. 
‘parts are to be finished by grinding heavy cuts and coarse 
reds can be used with good results. With tough materials, 
ne surface finish may necessitate several finish cuts and 


*“Production Processes...Their Influence On Design, Part III— 
pitomatic Screw Machining’, Machine Design, Sept., 1945. 


‘ACHINE DEst1cN—November, 1945 


Fig 7—Right—Hand hole cover 
redesigned as at (b) allows for 
simple, inexpensive chucking 


Fig. 8 — Below — Designed for 
minimum weight, chucking ex- 
tensions on this fork are 

moved after machining 








Fig. 6—Above—Designed for identical tooling, various 
valve pistons shown can be produced at low cost 
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(em pin 
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Chucking extensions 





in the case of threading, a roughing and a finishing die 
head. 

Die-cut threads are usually preferred to those made with 
a single-point tool especially when speed and production 
is imperative. Consequently, it is good practice to avoid 
parts with threads too long for standard collapsing taps or 
self-opening dies, not within their standard range or in in- 
accessible positions. If extremely accurate threads must be 
produced, the taps or dies can be led on to the work by a 
lead-on attachment, thereby retaining the production ad- 
vantages of the automatic tools with the precision of the 
single-point chasing attachments. All threaded parts de- 
signed for production with automatic taps or dies should 
provide a clearance or neck groove at the end of the thread 









Fig. 9—Above—Produced as a double casting, two type 

bar segments can be finished complete at one handling. 

Space between halves allows for entry of special form 
tooling for the circular groove 


of at least 2% threads in width and 0.010-inch under the 
minor thread diameter. This allows the self-opening dies 
or collapsing tap chasers to snap free of the work under 
no load obviating breakage or chipping of the chasers 
otherwise often encountered. 

MATERIALS: Parts made from castings, forgings, etc., 
should in all cases provide sufficient material in order that 
the tools can rough beneath the surface inclusions of sand, 
pits, scale and hard spots to insure long tool life and good 
finish. High machinability is, of course, a primary factor and 
should be taken into consideration in specifying materials. 
A fairly complete table on relative machinability ratings 
of various materials was included in Part III of this series. 
Heat treatment and characteristics of previous processing 
of the materials are also important in their effect on the 


machinability. 


Cos? iron 





Commercial brass may be machined at speeds as hig 
2s 1000 fpm with carbide tooling but this drops to arouy 
300 with ordinary high-speed-steel tools. Aluminum ay 
bronze likewise can be finished at speeds as high as 100j 
fpm. However, aluminum drops to around 400 and bronz 
to 150 with high-speed tools. High machinability ste¢ 
such as SAE X1112 are preferred for production jobs owing 
to excellent finish at high cutting speeds. Hard, semistee] ¢; 
medium-carbon steel castings may require reduction j 
cutting speeds to as low as 40 fpm with accompanying loy 
output and higher tool costs. 


TOLERANCEs: In general, on high production runs wher 
maximum output is both necessary and desirable from / 
cost angle, a tolerance of plus or minus 0.002-inch is con 
sidered a minimum and generally can be maintained witl 
a rough and a finish cut. It is possible to hold overall limit 
of plus or minus 0.001-inch on turning and boring opere: 
tions but this is not recommended for production runs be 
cause of the additional cuts over the same surfaces an( 
the necessity for fine feeds. A tolerance of plus or minu 
0.001-inch can be held on ordinary reaming operation: 
With additional accurate boring operations preceding 
reaming tolerances can be held to plus or minus 0.0005 
inch. 

On parts suitable for the use of a single-cutter rolle 
turner either piloted on the cut being made or on a pre 



























viously turned surface, a tolerance of plus or minus 0.001. 
inch can be held. Occasionally it is possible to reduce thi 
to a minimum of plus or minus 0.0006-inch. Multiple-cutte; 
roller turners can be used for turning a number of surface 
simultaneously but the diameter tolerances required ari 
usually wider, being on the order of plus or minu 
0.003-inch. 

In normal set-up, concentricities of diameters turned cai 
be held within a total dial reading of 0.006-inch with 
machine and tools in good condition. Roller turners cat 
often be employed to reduce this total runout to aroun¢ 
0.002-inch or somewhat less. Special handling on chucking 
jobs can also be expected to hold to a total runout o! 
0.002-inch or somewhat less. Special handling on chucking 
threaded portions are concentric with other diameters with- 
in a total of 0.004-inch. Lead accuracy is usually equa 
to that required by a class 8 fit as set up by th 
National Screw Thread Commission. I! mor 
accurate threads are necessary, the pre\ ioushy 
mentioned lead-on attachments can be utilize 
to attain them. 

Standard stop equipment can be relied 
hold limits on lengths within plus or minus 0.001 
inch. However, if closer liimts are necessary 
additional equipment in the form of dial indica 
tors, dial stops or special micrometer stops ar 
required. 


on t 


Collaboration of the following companies in th 
preparation of this article is acknowledged wit 
much appreciation: Gisholt Machine Co. Figs 
5, 6 and 10); Jones & Lamson Machine Co.: The 
Warner & Swasey Co. (Figs. 1, 2, 3, 4 and 9 

Fig. 10—Left—Locking groove is finishee 


bronze ring rolled in and entire part machine 
all over at one handling in the lathe 
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1—Radar operates on the principle of reflection. Heavy lines 
indicate energy directed from the ship’s radiator to the plane. 
Dashed lines indicate the scattered energy reflected from the 


rolle: ADAR—abbreviation for radio detecting 
6 plane, only a portion of which returns to the radiator 


a pre: and ranging—is based on the simple prin- 
0.001. ciple of reflection, familiarly known in the 
-e thifield of sound phenomena as echoing. However, 
cuttefinstead of utilizing sound waves, radar employs 
ifacefetremely short radio waves ranging from a few 
-d ardinches to about ten feet in length. These are known While radar was one of our most potent weapons in 
minu'fso as microwaves and behave much the same as 
ight waves in that they travel in a straight line 
vith comparatively little deviation and can be to be explored. The basic principles portrayed are pre- 


pected into space ss narrow beams by special sented in the hope a knowledge of them will stimulate 


electors. hinki d | lizati . wal 
Many reflectors used in radar are only a foot or thinking toward more complete utilization of radar 


0 in diameter and are parabolic in shape like throughout industry in the coming years. Various specific 























the war, much of its potential value in peace yet remains 
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out Offfte reflector of an automobile headlight. Micro- . . . . . 

uckingfrave energy is radiated from a special small an- design phases of eee will be discussed in articles 7 
;withtona mounted in front of the reflector and planned for future issues of MACHINE DESIGN 
equalfteamed” by the reflector in the direction de- 





by théfied. This unit combining the antenna and re- 
_moréictor constitutes a “radiator”. Lacking the re- 
vioushetor, the antenna’s radiation would disperse more or less uniformly 
itilize@h all directions in much the same manner as does the energy 


. ail , , . , 2—Rad i imi. 
mm a transmitting antenna used in commercial radio broadcasting. erent iliny gapinnnse > yg Pre nscegaeoad 


in principle. In searchlight detection the 





on tite antenna, also termed a dipole, consists of nothing more than actual target can be seen by the human eye 
0.001 Bi lengths of conductor, each a quarter wave length, and may be Since this is not the case with radar, a snenet 
essal\ounted above the surface of the earth on a beacon, on indicating unit must be employed 
indicate mast of a ship, or on a plane. 

ps art 


How Rapar Detects AND Locates: For complete lo- 
tion of a target on the surface of the sea or ground, two Rotating Rotating 
m “ lantities must be determined by the radar system and, searchlight antenna 
¥ be the target is in motion—as when enemy ships are in bat- 
\. They ™2neuvers—these quantities must be indicated con- 
9 ‘uously, Known as coordinates, these quantities are (1) 

* distance between the detector and target (range) and 

*) the angle made by the target with respect to a hori- 
asaiiil ital reference line at the detector. This coordinate 
chinea 
ne 














earing Target || Bearing \\oource 
indicator indicator|indicotor|| of 
































power 














This presentation is based on a report prepared by the 
‘arch laboratories of Westinghouse Electric Corporation. 
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3—Commercial radio broadcasting antenna at left radiates 
energy uniformly. Parabolic radar antenna, however, 
directs energy into space in the form of a narrow beam 
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4—Energy from the radar radiator is projected into space 
in extremely short pulses. During the short period of 
transmission, the timing unit controls the transmitter so 
that a suitable pulse is fed to the radiator. At the same 
time the timing unit triggers the indicators into action 
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5—The transmitter is inactive after the pulse has been 
radiated. Reflections returning from the target to the 
radiator enter the receiver where they are amplified and 
fed to the indicators. The bearing unit links the rotating 
antenna to the indicators 



















is commonly referred to as the bearing angle. 

When searching for a target, the radiator is rotate 
while it sends out its narrow, exploring beam. If the beay 
strikes a target, the energy hitting the target is reflected 
and some returns to the receiver. At the receiver, One de. 
vice (the bearing unit) keeps in step with the rotating :oub 
radiator and indicates the direction (bearing) of the bean Bu 
at the instant it reaches the target. Another device mea-ffjpw 
sures the time used by the energy in traveling to the targeiff while 
and back again. This time measurement permits determinaffange 
tion of the distance to the target (range) since the velocity—hlue: 
of the energy is 186,000 miles per second. These two deff The 
vices, the bearing unit and the timing unit, locate thelfte s| 
target. If the target is in the air, a third coordinate alsoffymec 
must be determined, i.e., the angle the target makes withfhyery 
the horizontal plane (angle of elevation). Jocit 

A basic problem that had to be solved in the develop-fjse 
ment of radar was differentiating between the strong trans-ymin 
mitted signal and the weak reflected signal. The methodfhpicroy 
which solved this problem, now in general use, is called 
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6—Function of reflector in searchlight and radar radiato 
is identical. Bulb and radar antenna without reflector 
radiate energy in all directions. With parabolic reflectors 
much of the energy is directed in narrow beams. Almos' 
all energy is directed in a narrow beam by adding smal 


spherical shield in front of bulb or antenna 1 the 
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tated fi pulse nodulation”. This method involves two sequenced 
beamf&eps of operation. First, a short burst or pulse of energy 
ected; radiated into space, and next, while the transmitter is 
e de-fMinactive, the receiver detects any reflected signals without 
tating touble. This cycle is repeated many times per second. 
beam™ But how long should the transmitted pulse last? And 
meaf¥iow long should the transmitter be maintained inactive 
targetfvhile it waits for the reflected signal? In both cases the 
mina-fange over which the system is to operate determines the 
‘locityfalues. 
0 def’ The duration or length in time of each pulse is fixed by 
e thelfite shortest range desired since the transmitter must be 
e alsofwned off before the reflected energy returns. This means 
; withfh very short pulse if targets nearby must be detected, for the 
docity of radio waves is so great that the reftection from 
velop-kse targets is almost instantaneous. For example, as- 
trans-uming targets to be detected are 327 yards away, the 
ethodfinicrowave energy must travel a total of 654 yards to and 
calledfffom the target. Since the velocity of the waves is about 
37 yards per microsecond, it will take two microseconds 
or the round trip. Therefore, the transmitted pulse must 
at no longer than two microseconds if the receiver is to 
ave a clear channel for the returning signal which gene- 
ily is very weak. Were the signal to last more than.two 
icroseconds, the receiver (even if it could withstand the 
emendous power of the transmitted signal) would pick 
the outbound signal as well as the reflected signal and 
te weak, desired signal would be lost in the strong trans- 
itted pulse. 

Since the transmitter must remain inactive long enough 
0 permit signals from distant targets to return, the time 
{ transmitter inactivity between pulses, called the pulse 
terval, is fixed by the longest range desired. Assuming 
agets 327,000 yards away are to be detected, the micro- 
vive energy must travel, altogether, 654,000 yards. At a 
docity of 327 yards per microsecond, the total travel 
ine would be 2,000 microseconds (0.002-second). This 
mans that the pulse interval must be 2,000 microseconds 
»allow the signal to return before another is sent out. 
Thus, if a system is to detect targets from 327 to 327,000 
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8—Time during which the transmitter sends out energy 

is called the ‘pulse duration'’. Number of watts delivered 

by the transmitter is known as the “pulse amplitude’. 

Period of transmitter inactivity between pulses is called 
the “pulse interval’ 





9—Screen of cathode ray tube in type A indicator showing 
the distance-calibrated range-indicating line. ‘‘Pip" be- 
tween numbers two and three is caused by signal reflected 
from target and indicates target is 214 miles from detector 
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~Range is the straight-line distance to the target, bear- 
Jis the clockwise angle the target makes with respect 
a reference line fixed at the detector, and elevation is 
angle a line to the target makes with a line through 
the Getector and parallel to the surface of the earth 
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10—Even though radar's energy is projected into space in 
the form of a beam, only a portion of the energy actually 
strikes the target. Furthermore, what energy does strike 
the target is greatly reduced in strength, having thinned 
out in traveling from the radiator to the plane 





yards away, it is necessary to have a pulse no longer than 
two microseconds and a pulse interval of 2,000 micro- 
seconds. 

How Rapar SEARCHES FOR TARGETS: When searching 
for targets, radar’s narrow beam of pulsed microwave ener- 
gy is directed through all parts of the volume of space with- 
in which a target may lie. This process, known as “scan- 
ning”, is exactly the same as seeking out a target with a 
searchlight. Surface scanning, employed to detect surface 
vessels, involves rotating the radiator continuously in 
the horizontal plane, usually at about one rotation in five 
seconds. This rate is rapid enough to insure keeping the 
target continually in view and it also prevents the indicating 
spot on the indicator screen from jerking. 


How Rapar Operator “SEES” THE TARGET: What the 
operator sees in this type of equipment is an inverted 
V, or “pip”, on the screen of a cathode ray tube. Impulses 
from the timing unit, for example, vary the voltages on the 
vertical deflecting plates of the cathode-ray tube to po- 
sition the pip on the screen and thus indicate the range of 
the target. This applies to surface detection wherein the 
beam moves horizontally across the screen at constant 
speed, starting at the left when a pulse leaves the trans- 
mitter. Any pips showing along the line on the screen in- 
dicate the presence of a target and, since the line is cali- 
brated in units of distance, the operator perceives the 
range immediately. 

Power ReEQuireD BY Rapar: As has been noted, the sig- 
nal sent out is powerful but the reflected signal is weak. 
The reason for this will become apparent when it is con- 
sidered that the farther the transmitted signal travels, the 
more thinly spread out—less dense—it becomes. For ex- 
ample, if four lines represent four watts of power leaving 
the radiator, they will pass through a one-foot square at a 
certain distance away where of course the density will be 
four watts per square foot. At twice this distance, the four 
lines will pass through a four-foot square where the density 
will be only one watt per square foot. 

Furthermore, not all of the signal energy strikes the 
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12—Components of a surface detection system show, 

schematically. The duplexer is a device that preven 

the strong outbound signal from entering the sensitif. 

receiver. The monitor scope has an uncalibrated scre¢ 
and is used only for tuning the set 


















































11—That portion of projected energy which strikes the 

target is reflected in all directions, not in a beam. Thus 

only a small portion of the reflected energy enters the 

radiator. For these reasons, highly sensitive receivers 
must be used in radar 


13—Rectangular antennas sometimes are used insted 
of the parabolic type. Like the parabolic type, the 
direct microwave energy into space in the form of a bea 








target. As with a searchlight, much of the beam pas 
around the target and is lost in the space beyond. 
energy that does strike the target is scattered in all d 
rections, only a small portion returning to the receiver. 
addition, the reflected energy is dissipated in the same m 
ner as is the transmitted signal as it travels back to 
receiver. As far as range is concerned, doubling the trang, 
mitted power does not double the range. Actually, t ATIC 
transmitted power must be increased sixteen times ne 
double the range. bac 
Rectangular antennas with screen surfaces also are us4 aleu! 
in radar and fulfill the same function as do the parabo 





radiators. They form beams through the combined effe hich 
of the screen and the many dipoles on their surfaces. Tigpeetir 
mesh-like screen does not prevent reflection of the mict@#ngly 
waves because the spaces are small compared to the leng@ , ry 
of the waves. Beams from rectangular antennas have le 


bearing spread of about 20 degrees and an elevatid 
spread of about 20 degrees or more. 
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How Stress Measurements 
=| Aid Crankshaft Design 


By 
S. Oldberg 


and 





UE to the complicated nature of loading, crankshaft design represents one of the ; 
most difficult problems in the field of mechanics, involving as it does considera- C. Lipson 
tion of lateral and torsional vibrations, crankcase rigidity, stress concentrations, 


ry “et ; Chrysler Corp. 
tc. It is not surprising, therefore, to find some crankshafts which can sustain safely 


| show 


a aly 4000-psi nominal journal stress, while others having substantially the same dimen- 
1 scregins operate under stresses as high as 16,000 psi. The 400 per cent difference in load 
apacity of the two crankhafts represents the diflerence between a casual approach to 
he problem and an approach based on a well-integrated program of design and de- 
elopment. 

Many methods have been employed in the evolution of the crankshaft structure, 
yme based on experience, others on a theoretical analysis, and some few on engine test- 
ng and laboratory experimentation. The choice of the method is usually based on 

hd 
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Fig. 1—Left—Set-up used in 
determining stresses and de- 
flections due to bending in a 
single throw of a crankshaft 





Fig. 2 — Below — Maximum 














pas ill Fis _.. | stresses in the region of the 
d. Th a me ' ! oil hole, found by use of 
all ql ; Stresscoat and short gage 
ver. length extensometer 
em 

to 

> tra 


ly, tfATIONAL APPROACH to the design of a ma- 
nes fine element subject to such complex loading 

a crankshaft necessarily involves experience, 
ia ulculation and experiment. In this article, 
- effefhich is based on a paper presented at a recent 
s, Tifeeting of the Society for Experimental Stress 

nalysis, the authors evaluate these methods 
apie ! approach and discuss some design problems 


wvatial ‘NG were solved through laboratory tests LLL LL 
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available personnel, laboratory facilities and the justifiable 
development cost. 


APPROACH BASED ON EXPERIENCE: Until recently, the 
development of a crankshaft was based almost exclusively 
on experience. This approach was effective in the case of 
engines having long history, provided only minor crank- 
shaft modifications were involved. In all other cases ex- 
perience was not very helpful because of the unpredictable 
nature of the extrapolation. 

For example, a crankpin failed at the oil hole. The 
crankpin size was increased, resulting in a different natural 
torsional frequency, which corresponded to a stronger order 
of excitation than before and thus caused higher stresses. 
Again, a crank cheek was thickened because of a failure 
in a fillet. This resulted in a decrease of the main bearing 
width, which increased the effective span and thus in- 
creased the bending moment. This in turn could well out- 
weigh the added section, particularly if a high stress con- 
centration were present. 

APPROACH BASED ON CALCULATIONS: 
ties in design may be removed by mathematical analysis 


Many uncertain- 








on the basis of which probable crankshaft performance fig. - 
estimated. The procedure is somewhat as follows: 


1. The basic engine design is developed to such a 
point that bore, stroke, mean effective pressures 
and speeds are known, the cylinder centers deter- 
mined (by the cylinder construction), and rotating I] f 
and reciprocating weights estimated once 

2. An indicator card is obtained at the prescribed lets, 
condition from a similar engine or from published i 
sources 

3. Bearing loads are calculated and the general pro- 
portions of the journals selected 


ter, 
hole 





4, Natural frequencies of the crankshaft system, in- = 
cluding all members driven by it, are calculated wm 
5. Torque input of the throw is computed from gas For 
plus inertia loading and a Fourier analysis of the _ firgle 
input harmonics is made tructe 
6. Torsional deflection of the crankshaft is calculated fg fr 
for the entire shaft throughout the speed range. jon, | 
Usually several alternative firing orders are includ-  faft 


7. Fillets and oil holes are designed. Stresses are cal- 
culated for combined bending and torsion, and 
suitable modifications are made for a more uniform 
stress distribution, Material and processing are se- 
lected to provide the required fatigue strength. 


ed and selection is made on this basis he fill 

l esti 
ermin 
entra’ 
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Theoretical calculations are invaluable ins any develo; 
ment program and, if weight considerations are not imp0f coc; 
tant and a large factor of safety can be permitted, may fu occ, 
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nish a safe procedure. However, in a mathematical eval agth 
ation of a crankshaft several uncertain values must be pr) iat, 
sumed, TaBLE I. This is because the magnitude and diy jp 
tribution of stresses, the values of the load acting, the e® ], , 
durance limit of the material, and the probable effect Qu . 
production variables are of necessity assumed. sle be 
If the unknowns are added up, it is evident that tlfhat ¢p, 
straight mathematical approach must be augmented if tif), 
requirements are to be fulfilled economically. hecks 
APPROACH BasED ON LaBoratTory Tests: This leads eicg] 
Fig. 3—Above—Application of a short gage length extenso- |horatory tests consisting of stress and fatigue measutfuly 
ee te cee eet ments and calling for the study of pertinent characteristi at 
in. ¢~Diie—Pamene een wait dltat tin do of design, material, and manufacture. Into this categoigesg j 
termining the planes in which the maximum stresses occur Fille 
fa 
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ance fig. 5 Right—Stress distribu- 
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ion over fillets in the plane of 4 \602 5Q000 a 
the crank throw —~~—~— Combined 
; — 30000 
ing [fil factors such as the stress \ 20000 
oncentration of oil holes and \ 
we filets, the effect of journal diam- | \ \ Grankpin — 
‘ed Ber, cheek width, lightening or \ = 
= hole shape, surface treatment, O° WW’ CX 
ype and heat treatment of the \ IS S 
- jaterial, and forging and ma- Main journal rn) - NJ (A 
hining variables. a ‘ \\ NN / « 
gas | For this purpose a full-size | ¥ OS 
the fingle-throw crankshaft is con- 1 \ a4! 
tructed and analyzed in a load- 4} o “gi Y 
ted hg frame for bending and tor- a 45 
ge. fion, Fig. 1. Since the critical | ‘on 40000 
ud- flaft regions are the oil hole and Fin. 6—Delow—Treverse of ; 
i fillets, these two regions are crank cheeks, indicating ex- ‘90° cuit “ Bending load 
“al westigated first in order to de- jstence of a low stress region 60000\—— 4 
ind mine their relative stress con- and the possibility of weight ‘ r~ eins cae 
ee entrations. The oil hole is a reduction by redesign 7Q0C0—— 
uticularly difficult region to 
nalyze because of the sharp a 
evelof.vature involved and the in- —--— Compression 
IMP%cessibility to instrumentation. pre 
1ay fu resscoat and a_ short gage 
1 eval ngth extensometer somewhat 
be prfhviate this difficulty as indicat- 
ind dif! in the results shown in Fig. 
the e® Jt will be seen that the maxi- 
fect (hum stress occurs inside the oil 
dle below the journal O.D. and 
hat tliat the stress concentration fac- 
d if tor (58,000/16,000 = 3.6) 
hecks quite well with the theo- 
leads tical value (K=4), particu- . 
leasuMbily since 16,000 psi may be § § 
teristifimewhat above the nominal Ss § 
ategOtess in the journal. Torsional load ¥ Bending load 

















Fillets are traversed by means 


___ a short gage length ex- 





dhotoelastic technique can be used. 


ear 2s expected from theoretical considerations. 


ween. 
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Once the planes of the maximum stress are determined 
tig. 4), a traverse is made of the fillet itself, the resultant 
fa for the fillet in the plane of the throw being shown in 
> [z.5. In the application shown, stresses in the crankpin 
let were found to be equal to or greater than those in the 
hin journal fillet. Tensile and compressive stresses due 
)torsion were approximately equal, thus producing pure 


Following the completion of the stress determinations in 
€ critical stress regions, study is then made of the re- 
4ining crankshaft sections. One such section is the crank- 
m cheeks whose stress distribution is shown in Fig. 6. 
v0 peaks were found to exist with a low stress region in 
The small stress observed in the cheek section 
Pproximately midway between the crankpin and the 
ain journal indicated that this section need not be any 


Fig. 7 


risometer as shown in Fig. 3. For some applications, 
wticularly if a single-throw crankshaft is not available, 


Below—Ccmplete test section of crankshaft, show- 
ing where the stress traverses were mace 








wider than the remaining regions and that a better stress 
distribution could be realized by removing metal in the 


low stress region. The final cheek design, of course, will 
be governed not only by stress considerations but even to 
a larger extent by rigidity requirements. 

Similar stress traverses are made around the lightening 
hole edges so that upon completion a comprehensive stress 
pattern of the entire crankshaft throw is obtained. The 
stress traverses studied are indicated in Fig. 7. 

Stress values by themselves will not suffice in any ra- 
tional crankshaft development program and they must be 
accompanied by fatigue tests. The function of the fatigue 
tests is twofold: (1) To provide means for developing 
proper materials, heat treatments and fabrication processes; 
and (2) to check on the features of design which were 
evolved out of stress studies. The need for the former is 
self-evident. The necessity for the latter arises out of the 
fact that stress data do not provide an insight into the life 
of the part. It is thus feasible to have one design exhibit- 
ing lower stresses and yet the same life as another design, 
all depending upon the portion of the fatigue curve in 
which the crankshaft is operated in service. 

Two types of fatigue testing are employed during the 
crankshaft development. One involves the application of 
reversed torsional loads, and the second reversed bending 


loads. Choice of the type of testing depends upon the 


ra 





features of the crankshaft design; if the maximum stress 
in the crankshaft is located at the oil hole, the principal 
load to consider will be torsion, and fatigue tests on sample 
journals will suffice. A fatigue machine for torsional load- 
ing is shown in Fig. 8. The journal is located between two 
large flywheels and the drive from the motor actuates a 
reciprocating connecting rod, and through it acts on a tor- 
sion spring connected to the inner flywheel. The machine 
operates on the sloping portion of the resonance curve of 
the system. 

If, on the other hand, the design of the crankshaft is 
such that the highest stress is located at the fillet, both 
torsional and bending fatigue tests will be necessary. The 
fixture for fatigue testing in bending is shown in Fig. 9. 
It is constructed on a tuning fork principle, the source ot 
power being obtained through an electromagnetic vibrator. 

All of the previous considerations have dealt with the 
problems of developing a new shaft and with laboratory 
techniques available for their solution. The second broad 
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range of crankshaft development problems involves thu" 





redesigning of a shaft already available. In this connecf® th 
tion the following three specific considerations may arise" 

IMPROVING CRANKSHAFT DuraBiLity: The problem o’ a oy 
improving crankshaft durability involves an increase in it oan 
output or improvement in its life. This can be accom , MK 
plished by increasing overall dimensions which, however thon 
involves a major engine redesign. By leaving overall dj iw 
mensions the same and decreasing stress concentration, ; lig 
more effective solution is usually obtained. Improvemen: we 
in crankshaft durability may also involve changes in matef>’ 
rial, heat treatment and the fabrication method. This is _ 
occasionally a process of developing better materials an¢ oe. 
manufacturing procedures, but more often it calls for a in . 
elimination of major weaknesses discovered in engine test: “ 
ing, in laboratory experimentation or in service. 3 lh 

ELIMINATING MAJOR WEAKNESSES DISCOVERED IN SER\ so 
1cE: Most of the problems which confront the laboratories wen 
involve weaknesses discovered in service operation. Majo , 
crankshaft weaknesses are crankshaft noise (particular) 
in automobile engineering), crankshaft failures, and fail} 
ures of other engine parts whieh can be traced to the Une 
crankshaft. 

An example of this type of problem is the redesign of @ 
twin-cylinder engine crankshaft which had failed. The : 
shaft had a solid main journal and a hollow cylindrical pin = 
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Fig. 8—Left—Testing machine fog ~™ 
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s thapilure originating at the crankpin fillet in the plane of 
‘oie e throw. The shaft was redesigned (see “Proposed De- 
arisege NO- 1”, Fig. 10) so that both the main journal and the 
i: were hollow. When stress analyzed it gave the re- 
°Lits shown in Taste II. Data given in the table show 


n Itt by hollowing the main journal only a 6 per cent re- 


am ction in stress was obtained. The reason for this lies 
"ver the general relationship between the fillet stresses and 


a i lightening hole size. As the hole size is increased, the 
| saa int of maximum stress shifts away from the center (0 de- 
wail ees in Fig. 10); the stress at this point becomes lower, 
,. . [pd the stress fartler away along the fillet traverse becomes 
is and per , , 
for arf 2 the present problem, the failed crankshaft (solid 
ape yin) is characterized by the maximum stress occurring 
»the center. In the redesigned shaft (hollow main) the 
aimum stress is shifted to a 22%-degree plane, leaving 
i stress at the center considerably lower. The two shafts 
parently represent two extreme cases, and consequently 
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to the Uncertainties Involved in Mathematical Approach 
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Fig. 10—Comparison of stresses in fillets of crankshafts 
with hollow and solid main journals 
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Peak Cylinder Pressure (psi) 




















Torque—Harmonic | Available indicator Probably small 
components card not representa- 
tive 











Natural torsional Participation of crank- | £7 per cent 
frequency case mass end stiff- 
ness in torsional vi- 

bration 
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| Affected by factors too + 30 per cent 
complex for calcula- 
tion 


p Dynamic magnifier 
at resonance 
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H. Stress concentration | Usually not directly + 20 per cent 
factors | calculable 





Notch sensitivity of | Varies with material | + 10 per cent 
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tructe Effective bending | Center of pressure of | On conservative side 
a moment bearing reactions de- if load is assumed to 
termined by deflec- act at bearing center. 


tions and lubrication Value unknown. 
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Strength of material | Production variables | Dependent upon ex- 
in service influencing fatigue perience with manu- 
strength | facturing source 














nore favorable stress distribution should be realized 
#2 an intermediate set of dimensions. The shaft de- 
o according to this principle (Proposed Design No. 
-when stress analyzed, did show a definite improve- 
Fit, amounting to 20 per cent. 

hropLeMs ARISING Out OF PRopUCTION REQUIREMENTS: 
: following example typifies the type of problems fall- 
funder this heading. Standard American practice in 
plane crankshaft design involves the use of cylindrical 
ftening holes both in the crankpin and in the main 
mal. There is reason to believe, however, that a higher 
hkshaft strength may be realized by incorporating bar- 
a—bhaped lightening holes. From a manufacturing point 
*-|‘iew, barrel-shaped holes involve a considerably higher 
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Fig. 11—Probability of occurrence of peak pressures in 
cylinder, based on actual measurement over 200 cycles 


cost and the advantages of such a design must be real and 
substantial to be economically justified. Current investi- 
gation was therefore undertaken for two reasons: (1) To 
compare barrel and cylindrical lightening holes; and (2) 
in the event that the barrel-shaped hole did not offer any 
real advantage, to develop a cylindrical hole which would 
give the highest crankshaft strength per unit weight. 

The tests involved a repetition of the stress measure- 
ments already described for each crankshaft design studied. 
Not all the stress regions or stress trajectories were repeat- 
ed because it was soon verified that the design comparison 
could be safely limited to the study of the oil hole and fillet 
stresses. A review of the test data indicated that the use 
of barrel-shaped lightening holes resulted in lower crank- 
shaft stresses; however, for the same unit weight and the 
same rigidity, less than 10 per cent reduction in stresses 
was realized. Whether this improvement justified the in- 
creased cost involved in the adoption of barrel-shaped holes 
depends on personal judgment and on circumstances. 


APPROACH BasED ON ENGINE Tests: Final judgment 
regarding the suitability of any crankshaft must be based 
on actual engine testing under service operating condi- 


TABLE II 


Stress Comparison for Alternative Crankshaft Designs 





Stress, psi 








Design 
Plane of 22 4-degree 
Throw Plane 
Failed Crankshaft, Solid Main 
Hollow Pin 66,000 34,200 


Proposed Design No. 1, iaew Mains 


| 
ollow Pin 33,490 62,000 
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tions. 


A satisfactory crankshaft must meet the dual re- 
quirements of durability and performance. 


Durasiuity: In essentially all cases, a satisfactory en- 
gine crankshaft must have infinite structural life. In other 
words, the highest operating stress must be below the en- 
durance limit of the shaft. Laboratory fatigue tests have 
proved that successful completion of 10 million stress re- 
versal cycles normally insures infinite life at the load ap- 
plied. Thus one hundred hours of engine operation at 
maximum crankshaft stress conditions (if speed exceeds 
3300 rpm) would be expected to be sufficient to insure 
freedom from service failures. It is a somewhat discon- 
certing fact that this is not the case and that failure due 
to bending loads may occur after several hundred hours of 
maximum output operation. 

This is true because bending loads are a function of peak 
cylinder pressures, which vary greatly from cycle to cycle 
even though the engine output is constant. This phenom- 
enon is illustrated by Fig. 11, which is a probability curve 
based on the direct measurement of 200 successive cycles 
in an aircraft engine cylinder. Thus once every fifty or so 
revolutions the turbulence conditions in the combustion 
chamber may be such as to produce a particularly high 
peak pressure and a resulting high crankshaft bending 
stress. Unless this abnormal stress is below the endur- 
ance limit, breakage will eventually occur. 

PERFORMANCE: Satisfactory crankshaft performance in 
engine installation involves freedom from objectionable 
noise and vibration, adequate journal wear, and good per- 
formance of related parts. Bending deflections which 
move the flywheel and thus displace the entire engine as 
a reaction, as well as torsional vibration periods, produce 
noises which may be beyond acceptable limits, particular- 
ly in automotive applications. A structurally sound crank- 
shaft may, therefore, require further development to elim- 
mate this objection. Abrasives in the lubricating oil under 
service conditions producing abnormal wear may influ- 
ence the selection of journal material or processing. It 
may frequently happen that a proposed crankshaft op- 
erates satisfactorily except that it adversely affects the life 
of related engine parts. For example, torsional periods 
not harmful to the shaft may be destructive to gears and 
other parts driven by the crankshaft. The inertia forces 
of the shaft may impose bending moments on the crank- 
case which cause failure. Localized crankpin deflections 
and the geometry of the oil holes may adversely affect bear- 
ing performance. 
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In addition to providing the final check of a crankshy 
application, engine tests are essential to the interpre‘atio, 
refinement, and extension of both the analytical and ¢ 
perimental laboratory studies. In the first place, engin 
test data provide means of measuring some of the unknow 
and assumed quantities encountered in the analytical ay 
laboratory studies. Thus, torsional vibration measuremen| 


may be made to determine the torsional natural frequenc 
of the shaft, and its torsional amplitude at various operaj 


ing conditions. Fig. 12 illustrates the results obtained fro, 


a typical test. The natural frequency of the shaft can } 
readily calculated from any of the six resonant point 


shown. The amplitude of the resonant peaks indicates th 
relative magnitude of each of the torsional vibratory 0; 
ders (multiples of engine rpm). 


Using Strain Gages on Engine Tests 


Stress measurements of the crankshaft during actual oy 
eration may be made by the use of wire strain gages, wit] 
leads brought out through slip rings at the end of th 
shaft, recording the output on an oscillograph. Gage pos 
tions necessarily are limited to lightening-hole and chee 
surfaces. Analysis of these records reveals the predon 
inant type of loading, the presence of resonant condition 
and the effects of engine operating conditions. Quantits 
tive results may be obtained by stress measurement ( 
maximum stresses in critical areas under static loadin 
which reproduces the engine test gage readings. 

This procedure is of particular value in locating unsu 














throws. 
both the origin of failure (point of highest stress) and th 
type of loading. Thus these two highly important fac 
are definitely ascertained. 

Knowledge gained by well-instrumented engine testit 
gives the analyst definite facts enabling him to refine hipplicat 
design calculations toward a better balanced design in tl All to 


basic data to guide new designs. 
be re-interpreted in the light of the more accurate loagf 
ing conditions determined by engine tests. Knowledge « lich t 
these loads also allows the laboratory to extend the nd eng 
studies to determine modifications which will produce 
more uniform stress level in the shaft under the enginf 
loading condition. In particular, investigations to reducf atto: 
the -tresses at points of failure will be conducted. e nec 
dient | 
Nprove 
€ pate 
Preset 
ming | 
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lit One 
the pe 
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Fig. 12—Left—Felati#ine a, 
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LTIIOUGH an improvement in a localized part of a 
machine may represent a large amount of creative and de- 
velopment work, the patent covering it may be so ineflec- 
ve as to be unable to protect the improvement. One reason is 
wt it is difficult from the engineering point of view to ascertain 
Bliether the localized improvement is such as to affect the 
lire operation of the machine, or whether its function resides 
ly within itself. The determination of this engineering ques- 
on is of paramount importance to the prosecution of the patent 
plication. 

All too frequently the decision is Icft to the patent department 













Furth@# patent attorney. Failure to consult the engineering depart- 
ta cagent or the machine designer is detrimental to obtaining good 
loa@lent protection, inasmuch as these questions and the way in 


ich they dovetail with patent procedure call for both legal 
| thegd engineering knowledge. The absence of cooperation some- 
luce @es results from a feeling on the part of engineers that, since 
engingy are unfamiliar with patent law, their help is of little value to 
oiled ¢ attorney. This article is written to give the machine designer 
¢ necessary working knowledge of that particular phase of 
went law dealing with the problem of protecting localized 
horovements, so that he may with greater confidence advise 
@ patent attorney on such questions. 

Presentation of the problem may be simple illustrated by as- 
ming that the entire machine has five essential parts: A, B, C, 
,and E. The designer makes an improvement in the part E. 
{the function of the part E is localized, the designer has made 
it one invention. On the other hand, should the improvement 
hthe part E be of such a character as to modify the operation of 
e parts A, B, C, and D, then the designer has, in fact, made 
‘0 inventions: (1) In the entire combination of the new ma- 
Mine, and (2) in the localized part E. 

on °4To protect these two inventions, two sets of claims are re- 
ired. One set-—known as combination claims—would be di- 
tted to the combination of the entire machine. The other 
tt—referred to as subcombination claims—would be directed to 
he localized improvement. In cases where the improvement 
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Fig. 1—Above—Sale of unpatented grease gun 
for use with patented cross-pin type of fitting 
was charged to be contributory infringement. 
Outcome of suit hinged upon fact that improved 
fitting did not affect the operation of the gun 


Fig. 2—Below—The Patent office rejected com- 

bination claims for the electrical machinery 

ventilating equipment shown, in which dust 

separation is effected by inertia, and cited the 
prior patent illustrated in Fig. 3 


FORTH ===EEN Ait discharge 
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resides solely in the part E, it is important that the patent 
contain at least subcombination claims, because combina- 
tion claims are ineffective to protect a purely localized in- 
vention. Should the patent claims for a localized invention 
be improperly directed to the entire combination instead 
of to the localized part, the entire patent may be held 
invalid. 

The practical aspects of the foregoing principles of 
patent law may be illustrated further by reviewing a 
Supreme Court decision involving the grease gun shown in 
Fig. 1, which is used in lubricating bearings, particularly 
those for automobiles. Tubular grease fittings have project- 
ing pins or lugs on opposite sides to be engaged by a 
bayonet coupler having a hooked slot for making a good 
connection while grease is being forced into the bearing. 
Novelty of the tubular fitting shown in Fig. 1 lay in the idea 
of a pin which ran directly across the tube and extended out 
on both sides, instead of short pins or lugs set in on either 
side. The portion of the pin which bisected the tube was 
used as a base for a spring to hold in place a ball valve 
which closed the opening of the fitting. No other fitting 
employed the cross pin both to form the lugs and to con- 
stitute the base for the spring. It should be noted that the 
entire assembly comprises (1) a tubular cross-pin type of 
fitting, (2) a detachable bayonet coupler, (3) a hose, and 
(4) a grease pump. The patent in the suit was directed 
toward the combination of the four elements mentioned. 
One of the combination claims in the suit reads as follows: 


“The combination with a grease cup comprising 
a tubular member having a closure seat, a closure, a 
pin extending through said tubular member and from 
both sides thereof, and a spring confined between said 
pin and closure, and tending to hold said closure on its 
seat, of a grease pump having a discharge conduit, and 
means (detachable coupler) co-acting with the ends of 
said pin for detachably connecting the discharge end of 
said conduit with said grease cup.” 


In this claim it is noted that the tubular member is 


Fig. 3—Because the gauze strainer which removes dust 
in this design of ventilating equipment is not dependent 
on operation of generator or fan, the court allowed com- 
bination claims for subsequent patent shown in Fig. 2 
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limited to the type having a cross pin for supporting the 


spring. No limitation is imposed on the grease pump, 
hose, or the detachable coupler, which thus may be gf 
any type. 

Issue of the suit involved the sale of the defendant’ 
grease gun, which was old and unpatented. The sale wa 
charged to be “contributory infringement” of the patent 
which included the foregoing combination claim, among 
others. A contributory infringer is one who manufactureg 
one or more unpatented parts of a patent combination and 
sells it to a direct infringer, with the intention of aiding 
and abetting him. The direct infringer, in this case, wag 
the service station operator. The instant an operator con 
nected the coupler of the defendant’s grease gun to a ca 
having the plaintiff's cross-pin type of fittings and used 
the gun, he committed an act of direct infringement inas 
much as he was using all of the elements set forth in the 
combination claims. The owner of the combination patenj 
contended that, notwithstanding the fact that the grease 
gun was old and unpatented, the sale of it by the defendan 
contributed to the infringement of the combination claims 


inc 

10t 

Patent Claimed More Than Inventor Invented etfe 

anc 

The District Court held the defendant liable for conf °° 
tributory infringement and the Circuit Court of Appeal [ft yy; 


affirmed the decision, but the Supreme Court reversed th@ntor ; 
decisions. The Supreme Court in its examination of thd; per 
case inquired as to whether the new cross-pin type fittin reign 
influenced the operation of the pump; that is, whether @ys ok 
new result was produced. Upon failure of the patent owne§}tent 
to show any new result of mutual cooperation between th@tenta 
pump and the fitting, the Court concluded that the patenfkyctio 
was void as claiming more than the inventor had invented}, eon 
Inasmuch as the inventor was not the first to invent th 
entire combination, it was old or “exhausted.” 
















An example of an improvement in a localized part whic! A 
coacted with other parts of the combination to produce : The 
new patentable result is found in the ventilating apparatu , 
for the electric generator shown in Fig. 2. The machin oe 
comprises a rotor, a stator, and a casing enclosing th en 
rotor and stator. A ventilating housing is secured to th tis 
casing and surrounds a portion of the shaft, which project any 
through one end. The ventilating housing adjacent to th te 
casing has an air discharge opening surrounding the shaff ” 
and communicating with the rotor. Air motivated by ‘ad " 
fan on the shaft is caused to travel through the housing i! —_ 
a helical path, which by inertia throws the dust particle ong 
out of the ventilating housing through a dirt discharge por te 
in the side wall. Th a 

In the prosecution of the patent application before th bin, 
patent office, the inventor presented several combinatiog.””™* 
claims which the patent office rejected as drawn to an ex ‘oat 
hausted combination in view of a prior patent shown in Fig{” eS : 
3. This device, as can be seen, describes a system in whic a cial 
the machine has a shaft-mounted ventilating fan that draw te ete 
air from an inlet pipe through an opening provided in th tie ” 
fan housing. The air is strained through a gauze strainer beg 
fore it reaches the fan. One of the rejected claims fo1 thé a _ 
design shown in Fig. 2, which appears representative gh 
reads as follows: the . 

F the 
“The combination, with an electric machine which subco 
Macuine Desicn—November, - 

























ig the 
p, the 





i Truck frame 
be Of 


Bolster 
dant’ 
le wa 
patent 
imong 
ctureg 






n and 
aiding 
, Wag 
r con 
a Ce 
| used 
t inas 
in the 
patent 


greas¢@ 





ndan 
Jaimsf . , ,; ; 
includes a rotor, a stator, and a casing enclosing the 
1otor and stator, of means associated with the rotor to 
effect an inertia separation of foreign matter from air 
and to circulate the cleaned air over the machine so as 
w—* cool the working parts thereof.” 
ppealf [t will be seen from analysis of this claim that the in- 
>d th@ntor attempted to claim an electrical machine with means 
. th; performing two functions: (1) Inertia separation of 








reign matter from air, and (2) circulation of the air 
@us cleaned over the machine for cooling purposes. The 
owne#:tent office contended that if the inventor had made a 
atentable contribution it would reside in the specific con- 
ruction of his ventilating apparatus by itself and not in 
ie combination of the blower with the electric machine. 


Air Cleaning Depended on Motor Operation 


whicl 


The patent office finally rejected the claims and the in- 
ator filed an appeal to contest this action. The court 

















° th versed the decision of the patent office and allowed the 
) thgventor to obtain combination claims directed to both 


” machine and the ventilating apparatus. In the inventor's 
vice, Fig. 2, the court found that cleaning of the air, as 
ill as its circulation after being cleaned, is wholly depen- 
fot upon the operation of the motor which in turn 
. Berates the fan, while in the apparatus shown in the prior 
tent, Fig. 3, the gauze strainer is in no way dependent 
ton the operation of either the generator or fan insofar 
sactual cleaning of the air is concerned. 

The question may now be asked, “Why seek to obtain 
mbination claims when subcombination claims may be 
Piained?” The answer is that combination claims extend 
“ Fie re area of protection beyond that afforded by subcombina- 
n claims. In combination claims, the localized improved 
draw#"t need not be claimed so specifically as in subcombina- 
in thép" Claims, with the result that it may be more difficult for 
er bef Mpetitor to design around combination claims. Note 
or that the foregoing ventilating claim covers an electrical ma- 
-ativefine with any type of ventilator employing inertia separa- 
in. The claim does not set forth the physical construction 
F the ventilator, but only specifies inertia separation. In 
ch subcombination claim the inventor is required to set 
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Fig. 4—Above—Railroad car truck construction for which 
both combination and subcombination claims may be made 


Fig. 5—Below—Sectional view showing detail of seat pad 


members of Fig. 4 and how they and the semi-elliptical 
spring are incorporated in the design of the truck 


Truck frome 


ewes 


ae 





forth more detail such as illustrated by the following 
example: 
Ventilating apparatus comprising a housing having 
in one end thereof a reduced air discharge opening 
and a collar surrounding the opening and projecting 
into the housing, air propelling means in the housing 
to cause air to travel through the housing in a helical 
path, and a dirt discharge port in the side of the 
housing. 


This claim may be designed around by omitting, for 
example, the collar surrounding the opening, or by relo- 
cating the air discharge opening on the side of the housing. 

At this point it may be well to explain what elements of 
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a claim constitute the real body of the claim as distin- 
guished from the preliminary clause or introductory part 
of the claim which establishes the “setting” or “environ- 
ment” of the localized invention. This may be explained 
by assuming that one invents a new type of wheel. A wheel 
must be used on an axle, but the axle is no part of the 
invention. In drafting the claim the question arises as to 
how the axle may be set forth in the claim without making 
the axle any part of the claim. If the claim is written as 
follows, the axle becomes a positive part of the claim: 


A wheel comprising, in combination, an axle, a hub 
to rotate about the axle, a rim, etc. 


Such a claim would be held invalid as claiming more than 
that which was invented. Improvement in the wheel does 
not give the inventor the right to claim the axle. The 
claim may be correctly written by mentioning the axle in 
the introductory clause. The claim may now read: 


A wheel adapted to rotate about an axle, said wheel 
comprising, in combination, a hub to rotate about the 
axle, a rim, etc, 


Here the word axle in the introductory clause is not a 
positive element of the claim, but merely constitutes the 
environment of the localized invention. 

Distinction between subcombination and combination 
claims may be further illustrated by referring to Figs. 4 and 
5 which illustrate a car truck construction for a rail ve- 
hicle. The novelty of this car truck construction resides 
in the large semi-elliptical spring and the seat pad members 
which support the ends of the semi-elliptical spring as 
well as the coil springs. Seat pad members are carried bv 
the bottom support of the truck frame and are mounted in 
the side opening or window of the truck frame, directly 
below the ends of the bolster. The ends of the large sprin: 
rest upon a convex support block and are provided with 
a stop which fits within a stepped recess to prevent acci- 
dental withdrawing. This invention is particularly designed 
to afford a soft spring cushioning effect which will absorb 
the vertical shocks. A subcombination claim may read as 
follows: 


In a spring construction for car trucks having side 
frames with openings therethrough, a bolster having its 
ends projected into and guided by the side walls of 
said openings and coiled bolster springs disposed be- 
low the bolster ends and carried by the side frames, 
the combination of a semi-elliptical spring construction 
made up of a plurality of leaves secured together 
and seat pad members constituting seats for the coiled 
bolster springs and for the ends of said semi-elliptical 
spring constructions, the said seat pad members each 
having a convex support block for supporting the ends 
of said spring construction, said support block having 
a stepped recess with a side shoulder, and stop means 
on the ends of the spring for preventing accidental 
withdrawing of the spring ends from said recesses. 


Here it will be noted that the preliminary clause prior to 
the words “the combination of” is not made a positive part 
of the claim and accordingly such a claim would not be 
held invalid because here the inventor is claiming only the 
semi-elliptical spring construction and the details of the 
seat pad memhers 
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The Supreme Court has held that the mentioning , 
other parts in the preliminary clause does not render t, 
claim invalid as claiming more than the subcombinatic 
The language of the Supreme Court reads as follows 


“Such preliminary statement is commonly and 
properly used to specify the type of machine in which 
the claimed subsidiary combination of elements works 
an improvement over the prior art. . . In mentioning 
other mechanical parts, the claim does not purport to 
embody them as elements of the claimed combination. 
To construe such a claim for a comb:nation of new 
elements intended to be embodied in some well-recog- 
nized mechanical aggregation, such as a sewing ma- 
chine or a washing machine, as a claim covering all 
the mechanical details, or all the well-known parts of 
the machine, would be to nullify every patent for an 
improvement in a type of machine long in use and 
would invalidate thousands of patents for improve- 
ments in standard machines.” 





It can be sincerely contended by engineers that the ¢ 
truck presents a design in which the localized improvemen 
affects the entire combination. The following claim may b 
typical of a combination claim: 





In a car construction of the kind described and in 
combination, a pair of truck side frames, each haviug 
an opening, a seat pad member fitting in said openings 
with a coil spring carried by said seat pad members, a 
truck bolster having its ends extended into and guided 
by the side walls of said openings and carried by said 
coil springs, and means (large semi-elliptical spring) 
connecting said truck seat pad members and yieldingly 
supporting the bolster intermediate the ends thereof. 


















All that part of the claim which follows the words “i 
combination” constitutes the real body of the claim. I 
order to support the validity of this claim, in case it shoul 
become involved in a suit, the inventor will be require 
to show that the function of the elliptical spring and th 


seat pad members modify the action of the truck frames, tha” cl 
coil springs, and the bolster. of 

With both subcombination claims and combinatiomfpre a 
claims in a patent, the inventor has obtained the maximunffnt c 
degree of protection. Should the subcombination claimgily 
be designed around by competitors, the inventor can fall di 


from making the infringing device. In the prosecution Off 
the patent, should the engineer feel that there is a doubt 
as to whether or not the localized improvement affects th 
entire machine, he should nevertheless present combinationfye 
claims in addition to the subcombination claims. In thie 
manner, he will be able to obtain his full protection 





MEMBERS of the Integral Horsepower Electric \otom Acc 
Industry Advisory Committee believe that their industy arac 
is in an excellent position to meet demands for motors re perat 
quired for resumption of civilian production as soon 4 loyec! 
manpower and materials become available. Only a miniffunt’ 
mum of retooling will be necessary for reconversion tapssec 
peacetime programs. vers: 
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ROGRAM TIMERS for ma- 

chine control involve intervals 

of timing up to an hour or 

pre and may have many indepen- 

int circuits related to each other 

ly with respect to time. Such timers are mo- 

' driven, usually synchronous or subsyn- 

ronous, and employ cams or a drum with ad- 

stable limits to close and open a pilot circuit 

tthe power circuit for machine operation. 

Any number of circuits up to eight or more with time 

icles ranging from fractional parts of a minute up to any 

ngth desired are available as standard equipment. In fact 

‘ronomical timers provide different programs for each 

“y of the year and may repeat without resetting from year 

year except leap year. The additional day is incorporated 

manual resetting. 

\fotor| Accuracy of a timer is dependent upon the drive motor 

justr¥faracteristics, length of time cycle, drag effect of contact 
; resperation, and type of cam or switch mechanism em- 

on affyed. Usually, units are sufficiently overpowered to dis- 
inifunt the drag effect. Type of cam employed will be dis- 
, tépssed later. For a given type of timer, accuracy varies 

versely as the length of the cycle employed. When de- 
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Fig. 1—Functions of 
plastic molding press 
are controlled by a 
timer. Auxiliary timer 
facilitates changing 
time of cure without 
disturbing settings in 
the master control 


Associate Editor 


sired to have accuracy beyond the limits of a timer on long 
cycles, it is possible to employ two timers in series—one 
master control slightly beyond the desired limits and a 
second, faster operating control for the precise operation 
but incapable of maintaining the program during the 
length of interval required. Another method for controlling 
a precise time function in a program is an arrangement 
whereby the master control switches in a secondary control 
and remains inactive until the more accurate timer com- 
pletes its operation. At that time the master control is 
again energized to complete its program. 

No more accuracy need be provided in a program control 
than necessary. For example, laundry machines generally 
do not require a high degree of precision. Their circuits 





vary from simple controls for reversing the tubs to some- 
what more elaborate timers for water changes, additions 
of soaps, etc. Often such timers are driven by induction 
motors or shaded-pole motors where synchronous speed is 
not essential. At the other extreme, many chemical processes 
like production of synthetic rubber necessitate accurate 
control for the many automatically timed steps in produc- 
tion. Temperatures, pressures, flow rates, pH, and liquid 
levels not only must be regulated according to fixed 
schedules but also must be co-ordinated with the timing of 
various mechanical operations such as the opening and 
closing of valves and starting and stopping motors. 
Automatic plastic molding presses such as shown in Fig. 
1 are another type of equipment necessitating accurate time 
control. Involved in this press are sequence timing for 
closing, applying booster pressure, bumping, molding 
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Fig. 2—Above—Timer developed for domestic equipment. 
Pins that are pulled indicate time-on periods in this unit 





period, and opening. An auxiliary timer is incorporated: 











So! 


provide for variations in the curing operation without ; chang 
fecting the timing of the rest of the program. The timg built 
motor stops during the period that the auxiliary timiy show: 
mechanism is operating. revolt 
When each interval of operation varies in a machine hy’! 
may be preset, the timer illustrated in Fig. 2 has interestin Pe! 
possibilities. Announced recently by General Electric cg Y?© 
and Warren Telechron Co., it is especially designed fy fanne 
domestic equipment such as ranges and radios. Utilizing — 
twelve-hour synchronous clock, the timer is divided ing °° 
15-minute periods with corresponding pins around the dial Ordit 
By pulling any pin, consecutive pins or series of pins th exter 
timer may be preset for operation during any period @”” " 
number of periods in 12 hours. It automatically resets @" A 
the cycle will not repeat. Simplicity of the control an ipa 
visual indication of a program make this timer easy t won ¢ 
use. cam : 
In Fig. 3 is shown a typical cam-operated timer. Thi cut 
particular unit has two circuits but its shaft and cams mag" °° 
be extended to include eight circuits or more when th rocke 
torque of the driving motor is correspondingly increased — 
Timing cycle of this unit, designed by the R. W. Cramq “7” 
Co., is between 6 seconds and 5 hours, depending on thq™*” 
gear reduction and motor speed. dices 
Momentary energization of the solenoid in the left fore An 
ground starts the timer. It will stop after the cycle is com utiliz 
plete. Cams are mounted in pairs so that on and , adjus 
increments can be adjusted on each circuit, either 0.3 pq with 
cent to 26 per cent or 2 per cent to 49 per cent of the tot: With 
cycle. Contact arm action on the cams is designed fd and ¢ 
quick make and break. a 
eithe: 
In th 
Timer Motors Have Wide Range per 
Timer motors built by Haydon Manufacturing Co. hav va 
output speeds ranging from one revolution in 1000 how it th 
up to 300 rpm, developing 5 inch-ounces of torque at on a a 
revolution per minute. They can be supplied with doubl ad 
triple and quadruple field construction to develop 2, 3 an lifer 
4 times, respectively, the torque of a sing] wr 
motor. Timers built by this company hav 
adjustable cams for one on and one off im 
pulse per revolution or special cams to givt 
varied operation per revolution. 

Any number of switches from 1 to 8 ar Fo 
available in a single timer for multiple cig ™St 
cuits. For automatic resetting by a spring reloy 
one style of timer disconnects the geq 
train when the motor is de-energized, a” the 
lowing a small spring force to return tht” Fi 
cams to the starting point. The timers a! ‘mall 
supplied with single-pole double-thro' inch 
switches rated at 10 amps, 125 volts. Thu tol. 
the switches may be used also as normally a 
open or normally-closed. The Haydon Com ihe , 
pany also builds direct-current timing m% the 
tors that have stable speeds ranging from _ 
one revolution in 96 hours up to 90° mA “ond 
at 6 to 30 volts. Vith 

drive 

Fig. 3—Left—Small timin~ motor drives thi of an 
two-circuit adjustable cam timer. “pen 
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Some timers have provision for gear 
changes to vary the cycle time. Such a timer, 
built by National Time & Signal Corp., is 
shown in Fig. 4. Seventy speeds from one 
revolution in 2% days up to 457 rpm are 


rated 
10ut 2 
e timd 

timin 
qwailable. 

Percentage on-off time depends on the 
type of cam utilized. Shutter cams can be 
fanned to regulate the time a circuit is closed 
lizing from 0 to 90 degrees and by reversing the 
ed ing contact members from 270 to 360 degrees. 
he dia Ordinary notched cams simply initiate the 
external circuit, closing it momentarily or, 


\ine by 
erestin 
tric Cy 
ned fo 


ins th ‘ , 

riod ¢ by reversing the contact member, opening 
ee A third type of cam is a 180-degree fan 
‘ol ang 2m hich will permit opening the low por- 


tion to a full 180 degrees. The most accurate 
cam arrangement is the double cam per cir- 
1. Thy cut using two rocker arms with contacts 
- ial in series. The circuit is closed by the first 
aia rocker arm dropping, and opened when the 
soil second arm drops to break. With this 
ee arangement small intervals of “on” time 
on thy may be obtained even though cam rotation 
Is very slow. 

Another type of timer, shown in Fig. 5, 
utilizes a drum with dovetail grooves and 
adjustable pins. Two pins are associated 
with each circuit, one long and one short. 
With the use of a latch mechanism, opened Fig. 4—Above—Multicircuit adjustable-cam timer provides for cycling 
and closed by the two pins, one switch only time over a wide range through 70 gear-changes 
is needed for each circuit. These may be 
either pneumatic valves or electric switches. 
In the Taylor timer illustrated, six latches 
erate five air valves and one mercury 
witch. The cycle is initiated by a latch-trip 
olenoid mechanism and a mercury switch 
at the right of the six switches. By position- 
ing the lower dial which is associated with 
. variable dog-and-latch mechanism, 78 
lifferent drum speeds may be selected from 
rach gear ratio. 


pasy t 


ft fore 
is com 
ind o 
0.3 p 
1e tot 
ed fd 








Fig. 5—Below—Adjustable speed for cycling time is obtained by setting 
of lower dial to adjust a dog-and-latch mechanism. Drum has two ad- 
justable fingers for on-and-off operation of each switch latch 


». hav 
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loubl 
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Ee 7 
- — } 
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eae z , 
8a For timing operations where accuracy [Rt lf Pe itt Lie ' 
se cig Bust be maintained, timers have been de- al | 2 é ee. 
spring ‘eloped so that no switching load is im- i i oe held : 
ceq Sed on the timing motor. Such a control lf ee ae . 
od. aS the Bristol timer illustrated schematically 
vy thy2 Fig. 6. The timing disk is driven by a 
mall synchronous motor and has a scale 25 
nches long with perforations for cycle con- 
‘Thi tol. After the timing cycle is initiated a 
pally cam follower closes a switch in parallel with 
Com the starting switch to maintain the circuit to 
- mothe timing motor. When a perforation is 
+ fron etween the jet nozzles, reduced air pres- 
0 rpr Sure closes the contacts of a timing switch. 
With the start and index switches closed, a 
irive motor turns the cams until the follower 
dof an air-index cam drops into a recess and 


opens the motor circuit. This repeats for 
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each interval punched on the timing disk, the pilot valves 
being operated by their cams in the desired intervals. 
Rotation of the cam shaft is rapid, operating its cams 
and indexing before the hole in the timing disk has passed 
the air jets. As the hole moves past the nozzles the solid 
portion of the disk restricts the air and builds up the pres- 
sure to throw the time switch to its lower contact. This 
closes the motor circuit and the index cam moves sufli- 
ciently to raise its follower and reverse the contacts on the 
index switch, setting them for the next operation. This is 
repeated from the time-spaced holes in the disks. When 


Fig. 6—No load from switch actuation is imposed on 
this timing motor. Switch cams are operated separately 


the cycle is ended the cam riser opens the switch in paral: 
with the starting switch, breaking the timing motor circui 
Spring action returns the disk to starting position to repey 
the cycle when the start button is closed. 

Cooperation of the following companies in the preparation o 
this article is gratefully acknowledged: The Bristol Co., Water. 
bury, Conn.; The R. W. Cramer Co. Inc., Centerbrook, Conn, 
Cutler Hammer Inc., Milwaukee, Wis.; General Electric Co, 
Schenectady, N. Y.; Haydon Manufacturing Co., Tori ington, 
Conn.; National Time & Siznal Corp., Detroit; Reynolds Elec. 
tric Co., Chicago; Taylor Instrument Co., Rochester, N, Y, 
Ward Leonard Electric Co., Mt. Vernon, N. Y.; Warren Tele. 
chron Co., Ashland, Mass. 
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Part IV—Integration 


PPARENTLY first invented by Hermann and Lammle 
of Munich in 1814, the classical mechanism for per- 
torming integration is the two-disk integrator. It was 
uwther developed by Poncelot and Morin in France some 
venty years later for use in an integrating dynamometer. 
s shown in Fig. 36, one disk is rotated by quantity x. 
nother disk whose axis is at right angles to the first is in 
ictional contact with it. This second disk can be moved 
dially over the first by means of a suitable rack or screw- 
iven yoke; the shaft on which it is mounted is square 
t splined, so that rotation of the second disk is transmitted 
tany location. 

Analysis of the mechanism is as follows: Let x = rotation 
{input disk, y=r=radial position of output disk, z= 
tation of output disk, and R = radius of output disk. Then 


R dz=y dx 


1 
dz=—y dx 


z= f vax 
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Or, if the radius of the output disk, R, is taken as the unit 
of measurement, the equation may be written 


z=fydx 


The traditional form of disk integrator, as shown in 
Fig. 36, has a serious practical disadvantage which con- 
fines it to light service: Output torque is limited by the ad- 
hesion between the two disks, which in turn is determined 
by the pressure between them. However in order to change 
the radial position of the output disk it is necessary to 
slide it over the face of the driving disk, which means 
that the friction must be kept to a minimum; thus the 
two requirements for good operation are antagonistic. 


Providing Greater Power Capacity 


Batt INTEGRATOR: To overcome the foregoing de- 
fects, a markedly improved mechanism known as a ball in- 
tegrator®, Fig. 37, was developed some years ago. In this 
integrator the input disk drives an output roller through two 
intermediate idler balls. The balls are retained in position 
and moved radially by means of a carriage traveling on 
guide rails. Small guide rollers in the carriage surround the 
balls and keep them mounted one above the other between 
the roller and the disk. Since the balls act only as idlers, 
their dimensions do not enter into the kinematic problem 


9. U.S. Patent 1,317,915. 





and the speed of the output roller thus varies directly with 
the radial position of the ball carriage and inversely as 
the radius of the roller. If x=rotation of disk, y = radial 
position of carriage, z=rotation of roller, and R=radius 
of roller, then as before: 


1 
z= pJy dx 


This construction eliminates all sliding friction when 
varying the y input, for reflection will show that the balls 
roll on each other as well as on the roller and disk as the 
carriage traverses radially. Pressure between the roller, 

















Fig. 35 —-Two-disk integrator in which output z is the 
integral of input y with respect to input x 


balls and disk thus can be increased greatly without inter- 
fering with the free movement of the carriage, thereby 
enormously increasing the adhesion and consequently the 
output torque. For example, such an integrator, having a 
7-inch disk revolving 250 rpm, a one-inch roller and one- 
inch-balls, with a force of 150 pounds between roller and 
disk, will deliver about %-horsepower at the full speed 
position of the rate carriage. Integrators of this type have 
been made to handle up to two horsepower. 
CONSTRUCTION OF THE BALL INTEGRATOR: The roller and 
disk should be case hardened and ground, the case being 
as hard and deep as possible without giving rise to check- 
ing. This is necessary to prevent any “brinelling” as a 
result of the high contact pressure, particularly at the 
center of the disk. The balls should have the same accuracy 
and hardness as in ball bearings carrying comparable loads. 


Suitable Thrust Bearing Necessary 


Since the disk must carry considerable thrust load, a 
suitable thrust bearing must be provided. One way of ac- 
complishing this is to have the underside of the disk also 
hardened and ground, and place a hardened circular 
track below it with balls between. Since the races are 
flat, a ball retainer in the form of a spider piloted on the 
center must also be used. Diameter of the race should be 
slightly larger than the greatest travel of the rate carriage, 
so that when the latter is at the extreme limit there will 
be no tendency to “cock” the disk, the thrust being always 
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inside the ball circle. An ordinary small ball bearing, als 
piloted on the center of the disk, should be included 
provide radial restraint of the disk. 

In order to apply a powerful thrust between the rolle; 
and disk, the former must be arranged to float in some. 
manner. This can be done by mounting the roller in , 
hinged bracket having strong springs attached, as shown 
in Fig. 37. The resulting thrust on the balls should be about 
200 pounds per square inch of area of a diametral section 
through the ball, and the roller should have about the 
same diameter as the balls. It can be shown that the 
available output torque will then vary as the cube of the 
ball and roller diameter, or T= KD*. Where the foregoingh,, .. 
conditions are maintained and T is in pound-inches and D h 
in inches, the value of K is in the neighborhood of 10. 

It is desirable to coat the roller, balls and disk with af. 
film of light grease in order to prevent rust and minimize]. 
any friction between the balls and the carriage. This wil] 
not result in any appreciable loss of adhesion, since the 
high pressure squeezes the grease from the point of con- 
tact. 

























Compensating for Creep 


hange 
f presc 


fhe d: 


Although slipping is almost negligible with this type of 
integrator for torques up to the limit of adhesion, tests 
have shown that what slipping occurs is in the form o 
slight creep approximately proportional to the torque. 
(When the limit of adhesion is approached, slipping in 
creases more rapidly.) If the imposed torque increases i 
an essentially uniform manner, even this slight creep may 
often be compensated by making, the roller a trifle under 
size, or even tapered. The amount to take off can be de 
termined by first conducting tests with a roller having the. 
theoretical dimensions. 

MODIFICATIONS OF THE BALL INTEGRATOR: These in 
tegrators have been modified by making the output mem 
ber of other form than that of a cylinder in order to obtain 
special laws of operation. For example, the output member 
may be made conical, Fig. 38a, both members may b 
conical, Fig. 38b, or both members may be disks with dis; 
placed axes, Fig. 38c. These types all follow a law of the 


general form 





QOvmewnweo 
sc 


Fig. 37—Ball integrator which operates on same — 
as two-disk integrator but can handle greater torquq, 
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g, als; z=K, y dx 
ded ty K.ty 
- roller 


he reader will be able to derive readily the geometrical 
| SOMER nificance of constants K, and Kp. 





F 1 a if the x input drives the roller, with the output coming 
shown om the disk, the device follows a reciprocal law: 

about 

section 

ut the ge = 

at the J 

of the 

a owever, such an arrangement produces a high torque on 
and D 







eroller as y approaches zero. To obviate this a servomotor 



















) ‘  Briving the disk with a follow-up control on the roller out- 
with abt, can be used*®. 
nimizel ,, Dass , 
is a VaRIGEAR: This is a recent type of integrator’ oper- 
th ting on an entirely different principle from the friction 
ripe pes described previously. Straight gearing, rather than 
riction, is employed, and for this reason the integration 
s performed in a large number of finite steps, much like 
he process of obtaining the area of an irregular surface 
y the trapezoidal rule. The steps by which the rate input 
' hanges can be made so small that no appreciable error 
. present in the integrated output. Fig. 39 illustrates this. 
> ‘€8Nhe dashed curve shows y as a function of x which is to 
rm 0’. integrated with respect to x. This integral is of course 
Ordve®e area under the curve at each value of x. The stepped 
in ; : , 
nS hive represents the manner in which the y input enters 
ip ak” mechanism, by successive finite increments. These steps 
P re e actually so small that they could not be seen on a graph 
i ai this scale, over five hundred steps being required to 
ie th ach the full scale value. The error at any point is the 
g fiference between the area under the stepped curve and 
_ ffct under the dashed curve, and at most will be approxi- 
se lM 
mem 
obtain Connections for Four-Stage Varigear 
embe 
ay b 4 D-1 D-2 D-3 D-4 am 
, H H H H 
of th a ee ey 
of thefy H H Cc Cc 3/16 
4: H Cc H H 4/16 
5 H Cc H c 5/16 
8. H Cc Cc H 6/16 
7 H Cc [ Cc 7/16 
3 Cc H H H 8/16 
Q c H H Cc 9/16 
2. Cc H C H 10/16 
i Cc H Cc Cc 11/16 
2 C C H H 12/16 
3 C C H Cc 13/16 
if Cc Cc Cc H 14/16 
i Cc Cc S Cc 15/16 


ttely the area of the last small triangle formed by the 
hed curve and the stepped curve. 

Schematic diagram shown in Fig. 40 will assist in under- 
ending the theory of the varigear. Differentials D-1, D-2, 
‘3, and D-4 are connected in series, with one input of 
ch connectable to the x line through a clutch. When not 
connected the input is held. Assume only the input to 
Herential D-4 to be connected. Then the output on the 
der of D-4 represents ¥%x; after going through D-3 it be- 
es “4x; after D-2, Yex; and after issuing from D-1 it is 





10. U. S. Patent 2,248,072 
1l. U. §. Patent 2,177,611 
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Fig. 38—Schemaric 
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Ysx. Thus with this connection the rate (y) is 1s. In like 
manner it can be seen that with only D-3 connected the 
ratio will be 2/16; with D-3 and D-4 both connected it 
will be xs, and so on. A table may now be made up show- 
ing the proper connections for each differential for pro- 
gressive uniform increases in ratio. In the accompanying 
table, H stands for “held” and C for “connected” (to the + 
input). 

Inspection of the above table shows that there is a 
definite pattern by which the connections are made: D-4 
is connected every other step, D-3 two out and two in, etc. 
Consequently the clutches are operated by cams through 
Geneva stops driven by the y input, so as to cut in and out 
in the proper sequence. Fig. 41 shows one form of clutch, 
operated mechanically. Magnetically operated clutches 
might also be used, thereby reducing the effort required 
on the y input. 

Reflection will show that the number of steps or in- 
tervals is a function of the number of differentials, in fact 
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Fig. 40 —left— Varigear employ. 
~ D-4 0-3 ing four differentials shown sche. 
ake a eed Pek ax matically. Such a mechanism pro. 
S vides fifteen steps 
held 
Clutch Clutch <i Clutch 
y LN os si fi vant 
Clutch | Y VY » h 
control 
ex x 








it is one less than 2", where n is the number of differentials; 
the case just considered thus has 15 steps. The varigear 
shown in Fig. 41 contains nine differentials and conse- 
quently has 511 steps. This photograph also indicates the 
manner in which the differentials are “stacked”, producing 
a very compact unit. 

The varigear by itself, will of course, accommodate 
rates of one algebraic sign only. However, by using the 
“zero shift” expedient now familiar to the reader, both 
positive and negative values can be handled readily. Fig. 
42 indicates how this is done. A constant, k, is added to the 
y input, equal to the most negative value of y. The vari- 
gear output is thus 


S (y+kh)dx=Sfy dx+kx 


The kx term is then cancelled out by subtraction through 
a differential connected to the x input, leaving: 


Sy dx=z 


INTEGRATION WITH ReEsPEcT TO Time: In the mechan- 
isms considered thus far, the quantity x can represent any 
independent variable. In many cases, perhaps in the majori- 
ty of cases encountered in practice, this variable is time. In 
such instances the disk input is revolved at constant speed, 
and the integrator becomes simply a variable-speed drive, 
in which the function to be integrated (y) represents the 
rate, or speed. Any variable-speed drive may, in fact, be 
considered a time integrator of sorts. Whether a given type 
could be used in computing service would depend upon its 
characteristics, such as linearity of rate setting, rapidity 
of response, etc. Some variable-speed drives have an in- 
herent delay between the moment the rate is set and the 
time the drive finally reaches the speed set in. 

In the Ward-Leonard drive, for example, the genera- 
tor field time constant and motor armature inertia time con- 
stant would interpose such a delay, which might produce 
too much error in some cases. The ball integrator has no 
such inherent error, at least up to the point where the 
roller actually slips; of course if the acceleration is too high 
the inertia load might impose a torque above the slipping 
value. 

The precession of a gyroscope has been used to produce 





12. For proof of this, and other details of gyro theory, the reader is 
referred to any standard textbook, such as “Mechanics of the Gyroscope” 
by R. F. Deimel or “Applied Gyrodynamics” by E. S. Ferry. 
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a time integral, particularly in cases where the stabilizing 
properties of the gyro are desired also, thus combining two 
functions. Theory of the gyroscope demonstrates that, 
with the wheel rotating at constant speed, the rate of 
precession is directly proportional to torque applied about 
an axis at right angles to the axis of precession’. Con- 
sequently such a gyro becomes a time integrator if the ap- 
plied torque represents the desired rate. Various means 
can be used to apply this torque, such as a spring whose 
torque is proportional to its twist, or an electric torque 
motor whose torque is proportional to the applied voltage. 


Fig. 41—Two views of the Maxson varigear. Bottom view 
shows how the differentials are “stacked” 
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The gyro can be made to precess about two axes simul- 
aneously, and thus integrate two rate components of the 
gular movement of a point in space. This scheme has 
hen used in certain fire-control instruments'* to “gene- 
ite” continuously the bearing and elevation of an air- 
raft target on the basis of its angular rates, and simul- 
}neously stabilize the sight or gun against rolling motion 
br maneuvering of the vessel. The motion of the gyro is 
bystomarily followed up by a set of so-called power gimbals 
placed outside the Cardan suspension of the gyro, since 
[ appreciable restraint can be placed on the gyro, or 
‘ensitive element”, itself without causing precessional 
priors. | he movements of the power gimbals then represent 
he integrated rates. It might be noted that it is not neces- 
ay to have the power gimbals oriented with respect to the 
kame axes as the gyro rates. For example, the gyro might 
precess in response to rates in and perpendicular to the 
lant plane of a target, while the power gimbals represent 
motion in and perpendicular to a deck plane. Thus the trig- 
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13. U.S, Patent 1,936,442. 
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Fig. 42—How negative values of the rate, y, can be handled 
by the varigear, using a differential 








onometric conversions from motion in one plane to motion 
in another can be made automatically in the follow-up 
process. 

Mechanisms for the solution of differential equations, 
and for performing differentiation, will be discussed in 
Part V of this series, to be published next month. 








HAT TWO independent groups of designers, work- 
ing to similar specifications, have evolved as their 
espective ideas of the best machine to do the job, is illus- 
ated in the accompanying cuts. Each of the two planes 
ictured will seat 30 passengers and will cruise at 270 to 
75 miles per hour—approximately 90 miles per hour 









. ister than current airline schedule speeds. With these 


haracteristics in common, it is interesting to observe how 
lsely the two designs resemble one another, as revealed 
y the illustrations and in the accompanying table. 





atin model 202 airliner, above, and Convair 110, below, 
present two modern designs for twin-engine transports 
intended for operation on domestic airline routes 
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New Airliner Designs Compared 


Both planes employ the Pratt & Whitney R-2800 Double 
Wasp, which is a twin-row 18-cylinder radial engine de- 
livering 2100 hp at takeoff and up to 1700 hp when cruis- 
ing. Using water injection, 2400 hp would be available for 
emergency takeoff, while the addition of a jet-type engine 
exhaust system could be used to increase cruising speeds as 
much as 20 miles per hour. 

Propellers are four-bladed with reversible pitch, permit- 
ting the development of reverse thrust to assist braking 
on short or icy runways. Tricycle landing gear with dual 


Comparison of Specifications 


Consolidated 
The Glenn L. Vultee 
Manufacturer Martin Co. Aircraft Corp. 
Ceiling on 2 engines, feet .......... 30,000 29,100 
CN occ anc sieeesvewsess Model 202 Convair 110 
Passenger capacity ............... 30 30 
High speed, mph ................ 306 323 
eee 270 275 
Stalling speed, mph .............. 80 79 
Ceiling on 2 engines, feet 80,000 29,100 
Operational ceiling 
om one engine, feet .............. 16,000 16,100 
Normal gross weight, pounds ....... 34,300 $2,300 
Weight empty, pounds ........... 22,023 20,680 
CT acer ehaess sessed 92ft 9in 91 ft 
Wing area, square feet ............ 860 820 
Normal takeoff power, two engines .. 4200 4200 
Propeller diameter .............. 13ft 6in 12ft 2in 


main wheels are employed on both ships, facilitating 
maneuvering on the ground and maintaining a level floor 
when parked or taxiing. 

So far as passengers are concerned, the most obvious 
difference in the two planes probably would lie in the load- 
ing arrangements. While the Convair has a retractable 
stairway located beneath the tail, the Martin has doors on 
both sides of the fuselage. In both cases, rapid loading and 
unloading of passengers and cargo at the same time is pos- 
sible. On both planes the passengers are seated two abreast 
on each side of the aisle, the seats being provided with 
adjustable head rests. 








International Standards Conference 


Makes Good Progress 


profession resulted from discussions which took 

place at the recent Ottawa conference on unifica- 
tion of engineering standards. The conference, held under 
the auspices of the Combined Production and Resources 
Board, brought together many notable engineers of the 
United States, United Kingdom and Canada. 

A solid basis for agreement was reached on various 
aspects of the problems of standardization of screw threads, 
pipe threads, drawing practice, metrology, and limits and 
fits, and it is anticipated that final proposals for specifica- 
tions will be developed through 
the established channels set up 
for this purpose in each of the 
countries involved. 

Differences between British 
and American screw thread 
forms, which caused tremendous 
production and supply difficul- 
ties during the war, were re- 
solved to the point that the 
delegates were in a position to 
return to their respective coun- 
tries with a suggested specifica- 
tion for a basic thread form that 
would provide a unified standard 
for all countries employing the 
“inch” system. This proposed 
form is what might be termed a 
modified truncated form and in- 
corporates the sixty-degree angle 
of thread. It was felt at the con- 
ference that the suggested 
change would involve the minimum amount of departure 
from existing practice consistent with the object in view— 
a common standard for general purpose threads. The pro- 
posal on the basic thread form was the most outstanding 
accomplishment of the conference and exemplifies the spirit 
of collaboration that prevails among the engineering pro- 
fessions of the three countries. 

Agreement was reached also on acme and stub-acme 
threads of the type used on machine tools, aircraft and 
other machines where a traverse motion is required. Sub- 
mission of these specifications to industry through the na- 
tional standards bodies in the three countries is necessary, 
but representatives of each believe that an “A-B-C” stand- 
ard will speedily be approved. 

Delegates to the conference reached a mutual under- 
standing on specifications for small screws such as are used 
in watches and clocks, as well as on threads for microscope 
lenses. Agreement also was reached on a specification for 
fine-motion screw threads of the type employed in microm- 
eters, and plans were initiated to resolve the differences 


PA yestsne developments of interest to the design 
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LACK OF standardized engineering 
practice between the United States, 


Britain and Canada during the war 
resulted in production delays, wasted 
opportunities and high costs. 
recent international conference held in 
Ottawa great strides were made to- 
ward the unification of standards, as 
the accompanying 
brief report. Eventual results of such 
combined efforts cannot fail to be of 
far-reaching benefit, both in peace- 
time collaboration and in the event 
that future wars cannot be avoided 


existing in specifications for the various types of screw. 
used in optical, electrical and scientific instruments. 

In connection with what might be termed special threa 
forms, engineers from the three countries agreed upoj 
certain aspects of the buttress thread form. Considerab] 
progress was made with regard to high-duty studs J 
utilized in light alloys but the diversity of practices, partic 
ularly between the United States and Britain, made it im 
possible to formulate definite recommendations at this tim¢ 

Differences in drafting practice, particularly as fo 
lowed by the same two countries, were difficult to reconcil 
in the effort to reach a mutual] 
agreeable basis at the conferencd 
It will be remembered that thes 
differences in drafting procedur 
had caused innumerable delay 
during the war, typical of whic 
were the time lost due to th 
redrawing required for suc 
equipment as Rolls-Royce er 
gines, bomb sights, Bren an 
Bofors guns designed in on 
country and manufactured jj 
another. Since that period com 
siderable discussion and e4 
change of data have taken plac 
between Britain and the Unite 
States to help clear the way fq 
a more unified policy. 

Dimensioning and tolerancin 
of drawings constituted th 
basis for the primary discussion 
on engineering drawing, b 
in view of the scope of the project and—as previous 
indicated—the divergence of practices in the differe 
countries, these discussions could necessarily be only e4 
ploratory in character. It was recommended unanimously 
however, that the subject be pursued actively with a viey 
toward ultimate unification of practice. 


At the 


AT A RECENT meeting in New York a constitution fq A 
( 


a new and expanded international standards — 
was drafted and a new name, the International Standar 





Coordinating Association, was adopted. The meeting haji 


been called by the United Nations Standards Coordinati 
Committee, organized more than a year ago to promo 
more uniform general standards among the Allied natio 
Questions tentatively discussed included the adoptiop 
of the inch or metric system of measurement and the use ¢ 
the English or French language as the official language 
the organization. Further exchange of views will ta¥ 
place prior to and at a meeting in London next Spring. 
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fig. 1— Bank of ticketing units 
gutomatically records billing 
data for toll calls, obviating 
central operators. Equipment 
js superhuman in that it 
catches its own mistakes 
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tion fq UTOMATIC ticketing for dial telephones makes possible the 
izatiq’ | placing of “toll calls” by direct dialing without the aid of a 
yndar 





central operator as is the usual procedure in most localities. De- 
eloped by Bell Telephone Laboratories this new equipment is now 
fing Culver City which is part of the extensive Los Angeles 









Extending the speed and con- 
ifenience of dial operation to toll 
alls the new system automatically 
rints a ticket for each call, show- 
ng the number of the calling and 
ig. Falled subscribers, time of con- 


Fig. 2—Mechanically pre- 

pared ticket contains all the 

information required for rec- 
cord and billing 
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versation and other information required for charging the 
call. Switching equipment utilized is of the step-by-step 
type, divided into “originating switches” and “terminating 
switches”. The former utilize the first few digits of the 
called number to route the call to an interoffice trunk, the 
remaining digits serving to complete the call in the distant 
office. The terminating switches route incoming calls to the 
proper subscriber. Some of the aparatus required to secure 
the printed information is associated with the call until dis- 
connect occurs, but other equipment such as the “day-and- 
hour calendar” is required only for short intervals and may 
serve a large group of ticketers. 


One Ticketer Employed for Each Trunk 


In Fig. 1 is shown a bank of ticketers which automati- 
cally prints a complete record of the essential data per- 
taining to each call. One of these ticketing circuits is 
permanently associated with each trunk line used. As 
soon as a ticketing circuit is seized, a “sender” is connected 
to it and begins recording the digits dialed by the sub- 
scriber. The sender in turn is associated with an “identifier” 
to get the necessary information. This identifier determines 
the office code and the subscriber's number. With this 
information the sender connects to the ticketer and starts 
printing the ticket. Apparatus forming part of the ticketing 
circuit starts to time the call as soon as the called sub- 
scriber answers, and prints the chargeable time at discon- 
nect. A complete ticket, mechanically prepared in this way 
is shown in Fig. 2 with the digits identified to show the 
complete record obtainable. 

Front and back views of a ticketer unit are illustrated 
in Fig. 3 and its operation is shown schematically in Fig. 4. 
Paper for the ticketing, supplied from a roll, is passed 


Fig. 3—Front and back views of ticketing units. This 
ticketer keeps an infallible record of all toll calls handled 
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through drive rollers, thence between the lower rim of 
the type wheel and a printing hammer, and then through 
guides to the cutting knife and hopper. The type wheel 
carrying twelve characters—ten digits from zero to nine, 
a dash and an asterisk—is mounted on a shaft which: also 
carries an index wheel driven through a friction clutch by 
a small motor, and a pair of interconnected brushes. One 
brush rides on a contact ring, the other over a set of twelve 
stationary segments. Each commutator segment corres- 
ponds to one character on the type wheel and, when the 
brush is on any particular segment, the character corres- 
ponding to that segment on the type wheel is in position for 
printing. Voltage applied to a segment by the control circuit 
energizes the print magnet which lifts the print hammer to 
force the paper against the character. With the same mo- 
tion a metal finger called the “stabber” is pressed between 
two teeth on the index wheel to hold the type wheel sta- 
tionary while the impression of the character is being made. 
As the magnet releases, a finger connected to the armature 
rotates a ratchet on the drive roll to step the paper ahead 
to the next printing position. 


Friction Clutch Permits Stopping of Type Wheel 


Continuous running of the motor in spite of the inter- 
mittent rotation of the type wheel is permitted by slipping 
of the clutch. Contacts operated by the armature of the 
print magnet indicate when the magnet has completed 
its operation so that the voltage can be removed, and also 
when the magnet has been fully released so that the print- 
ing of the next character can be started. The type wheel ro- 
tates at about 375 rpm and printing is at the rate of about 
seven characters per second. 

The number of sender units, Fig. 5, required in a system 
is dependent on the busy-hour traffic. When there are 
not more than 100 trunk lines, each sender is directly 
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jssociated with one trunk finder. For larger systems each 
sender is provided with two trunk finders, each belonging 
t) a separately multiplied group, so arranged that the 
time required for connecting a sender to a trunk is as 
short as possible. 

By the time a sender has been connected to a trunk 
circuit, from two to four digits will have been dialed by 
the subscriber. From one to three of these digits are used 
in reaching the trunk circuit. After the sender has been 
connected, it records on register relays all subsequent 
digits dialed, but to be able to retransmit the office code 
and to print the complete called number on the ticket, it 
must also determine the digits dialed before it was con- 
nected to the trunk. To accomplish this the sender con- 
nects itself to one of the identifiers. This circuit determines, 
fom the relays in the calling line, the digits already dialed 
and the digit registered in the trunk circuit and transfers all 
of this information to the sender. To differentiate between 
subscribers on a two-party line, a sensitive relay discrimi- 
nates between the high-impedance ringer of one subscriber 
and the ringer on the other. To avoid errors due to failure 
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fig. 4—Schematic diagram of ticketer shown in Fig. 3 


of the circuit, the sender tests this relay at the end of each 
all. In the event of failure the sender is held out of ser- 
‘ice and an alarm is sounded. 

Incorporated in the sender is a condenser-timed pulsing 
ircuit. As soon as the office-code digits are registered, this 
ireuit starts generating pulses for establishing the connec- 
‘ion to the called number. Counting relays, which are 
witched successively to groups of register relays by steer- 
ag relays, control the number of pulses sent out to the 
itches for both the office code and numerical digits. 

By the time the subscriber has dialed the second digit 





nto the sender, the identifier has transferred to it the sub- 
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scriber’s directory number and other subscriber rate data. 
Having recorded all this information the sender establishes 
another circuit to the trunk through preference relays and 
a multicontact relay. Through this connection pass the 
printer control leads and the twelve character leads. In 
this way the sender controls the printing of the ticket in 
the trunk circuit. A simplified schematic of the circuit is 
shown in Fig. 6. 

At the beginning of printing, the selector is resting on its 
first position. The ground from a back contact of the con- 
trol relay is carried through the selector to one of the 
segments on the printing commutator. During this period, 
the brush of the printer is continuously rotating around 
the twelve segments and, when it reaches this particular 
segment, the ground is extended to the printing magnet, 


ae, 


Mh, 
ee 


Fig. 5—Three senders are mounted one above the other 
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completing the circuit for its operation. 

As the magnet operates, it stops the brush, prints the 
character and closes the contact operating the control re- 
lay. This relay in turn opens the ground connection to the 
commutator segment through the selector and immediately 
afterward operates the selector magnet. In the meantime, 
opening the ground to the commutator has released the 
printing magnet, allowing the brush to rotate, and also has 
released both the control relay and the selector magnet 
which now moves the selector one step ahead. A similar 
cycle then begins but with the ground extended over the 
second position of the selector. 


Is Always in Printing Position 


The circuit for printing the day and hour digits includes 
seven rotary selectors. One pair of these supplies the two 
digits to indicate the month, another pair for the day and 
a third pair for the hour. The seventh selector supplies 
tenth-hour indications and is operated by a contact that is 
closed every six minutes by a continuously rotating syn- 
chronous motor. The various selectors are always in the 
proper position to indicate the correct digits. As the printing 
selector moves from one position to the next, the ground 
is carried through the successive selectors and is directed 
to the proper character leads. 

After finishing with the day and hour circuit, the sender 
prints the characters to indicate the equipment used for the 
call, the called line and the number of message units for 
the initial interval. With the printing of these digits the 
sender disconnects itself from the trunk circuit. Digits indi- 


cating the conversation time and the asterisks denotin; 
the end of ticketing are printed by the trunk circuit at th 
termination of the call. 

The identifier associated with the sender is an elabora 
circuit comprising several hundred U-type relays, a fey 
multicontact relays, vacuum-tube detectors, an oscillator 
and cold-cathode-tube timers, together with the usual 
circuit elements such as condensers, resistors and trans. 
formers. Because of the short time an identifier is held fo; 
a call, a group of two or three is usually capable of serving 
all the central-office units in a building. 

After a sender has seized an identifier and indicated t 
it which trunk circuit is being used, the identifier connect: 
to this circuit through a multicontact relay and connects 
a low-frequency signal from its oscillator. Through 
selective condenser-resistance network and ten vacuum- 
tube detectors the identifier is able to determine and record 
the digits of a call and transfer them to the register relay: 
in the sender for controlling the printing. 


Safeguards Assure Accuracy 


This automatic ticketing equipment is provided with « 
large number of safeguards to insure proper operation. When 
the identifier fails or cannot identify the calling number 
the sender will make another trial with another identifier 
When it fails, it momentarily connects to the automatic 
trouble indicator where it leaves a complete record of the 
progress of the call together with a record of the principal 
circuits involved in the connection at the time of failure 
so that the trouble can be remedied quickly. These methods 
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of corttinuously bringing incip 
ient faults to light, together with 
arrangements for testing the nu; 
merous operating features, pro; 
vide the maintenance staff with 
means for insuring a high de: 
gree of accuracy in the perform- 
ance of the ticketing system. 


Fig. 6—Simplified circuit fot 
sender, showing how it operates 
the ticketer mechanism 
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Design and Recovery 


HORTAGE of engineering personnel is being seriously felt in the 

machine-building industry. On every hand there are striking indica- 

tions that the reconversion program on which this country—and much 
of the rest of the world—stakes its immediate future, is likely to be held 
back through the lack of trained engineers. 


Virtually superhuman efforts on the part of the engineering profession 
overcame similar manpower shortages throughout the war. Of assistance 
was the fact that no great difficulty was experienced during that time in 
obtaining deferment from the draft for technically trained men. With the 
end of hostilities, however, and the consequent cancellation of draft defer- 
ment, many young engineers are being called to military service who might 
better be left to help in the new design and development programs that are 
essential in insuring speedy return to normal peacetime conditions. 

Even though production of previously designed models on a vast scale 
is the primary requisite in reaching a good measure of full employment, 
there still will remain to be combatted that period when sales are liable 
to drop off and new models will be needed. It is to insure against the 
eventuality of a slump occurring at that time that engineering departments 
of machinery companies should be given all possible assistance in 
connection with their manpower problems. 

The present situation will be alleviated to some extent by the return 
of veterans to design and development work. On the other hand the cus- 
tomary influx of young engineers into this field will be greatly reduced for 
a long time to come in view of the relatively small enrollment in engineering 
colleges, other than for military purposes, during recent years. Dr. 
Vannevar Bush, head of the Office of Scientific Research and Develop- 
ment, estimates that there is a current deficit of 150,000 science and 
technology students who before the war would have received bachelor's 
degrees. 

It is apparent that new developments will be retarded and that in 
consequence recovery will be drastically affected unless steps are taken 
in every way possible to build up and maintain the engineering staffs of 


K6, 


machinery manufacturing companies. 





Slide Projector 


Slides and lamp of new slide projector made by 
Bell & Howell are cooled by induced-draft fan 
cooling system. Slides are further protected from 

lamp heat by three heat-absorbing 
filters in condenser system. Lamp 
socket is at top of projector and so 
arranged that when hinged top of 
socket is opened for lamp removal 
all socket parts are electrically 
isolated. Lens is focused by rack 
and pinion with locking knob con- 
centric with focusing knob. Pro- 
jector is tilted by a knob-operated, 
self-locking rack and pinion exten- 
sion of feet at front or back of 
projector. Motor is supported on 
synthetic rubber bushings. 


Electronic Dictating Machine 


Recording unit of this electronic dictating and recording 
machine manufactured by Dictaphone Corp. is located at the 
top of the cabinet and consists of a combination crystal recorder- 
reproducer, carriage and feed 
screw, and a universal electric 
motor drive. Other accessories are 
a warning buzzer to prevent dicta- 
tion when in the “neutral” or 
“record” position, a warning bell 
that indicates the end of the cylinder 
is being approached, and an auto- 
matic indicator that permits indica- 
tions by a flick of the finger as to 
the length of letters and corrections 
to be made. 

A bin is provided in the lower 
section of the cabinet for storage of 
cylinders and correspondence. The 
amplifier, also housed in the base of 
the cabinet, consists of three stages, 
only two of which are used for dic- 
tation. The third stage is brought 
into play when recording telephone 
messages. 
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Rotary lroner 


Shoe of this automatic rotary ironer made by General 
Electric is chro- 
mium plated on - 
110 square inches 
of ironing surface 
and has long-life 
heating elements. 
Ironer base is one- 
piece, welded- 
steel with rounded 
corners and 
rubber bumper- 
band. Motor head 
mounted on base 
is smaller than 
roll to facilitate ironing large 
pieces. Automatic control handle 
in operating head facilitates the 
starting and stopping of roll, and 
application of pressure. It also 
permits operation with either hand or knees. Release 
lever is provided to move shoe away from roll in case 
current goes off. 


Automatic Washer 


Of the agitator-spinner type, this combination 
clothes and dish washer made by Hurley Machine 
Division of Electric Household Utilities Corp. has 
cast aluminum agitator and enameled steel spinner 
bowl, each operating on a separate vertical shaft, 
one within the other. Dishwasher parts are stain- 
less steel and aluminum and include a spinner 
bowl and set of hollow steel fingers mounted on 
the agitator drive shaft. Over these are placed 
wire baskets for use when dishes, cups, etc., are 
being handled. 

In operation, a detergent is added to the wash 
water, which in turn collects as a ‘water wall’’ on 
the sides of the spinner bowl, where it is picked up 
by the hollow steel fingers and thrown upward 
against the dishes at high speed. Steel fingers 
of the unit quickly reduce to pulp any solid matter 
from dishes so that it is easily drained away. »4ll 
drain water is pumped out from the base of the 
machine, either into a sink or permanent plumbing _ 
drains. 
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Electric Range 


FeaturingJmodern lines and great 
automaticity, this range, manu- 
factured by Edison General Electric 
Appliance Co. Inc. has clock-thermo- 
stat controlled oven and illuminated 
switch dials. It is of one-piece, all- 
steel welded construction with porce- 
lain finish on all exterior and interior 
surfaces, and is blanket-insulated on 
the six sides of the oven. Appoint- 
ments include a warming compart- 
ment, roasting chart permanently 
baked into a storage drawer, time- 
chime to indicate minutes, and double 
Venetian lights which illuminate the 
surface of the range. 

This range, like the other ma- 
chines pictured on these pages, com- 
bines function with beauty of design 
such as extends beyond normal re- 
quirements to make the equipment 
adaptable either to plain or luxurious 
surroundings. 


Home Freezer 


Power‘ unit ofthis General Electric home 
freezer is hermetically sealed in a welded steel 
casing to protect the mechanism and its perma- 
nent oil supply from deteriorating effects of 
air, dirt and moisture. Electricity is carried to 
the unit through patented metal-glass leads. All 
joints are silver soldered. Forced-feed lubri- 
cation is employed. Self-aligning bearings in 
the compressor eliminate binding or scoring of 
moving parts, and flexible locking arrangement 
of connecting rod to piston pin allows use of 
oversize bearing surfaces. No wood is used in 
cabinet, which consists of one-piece inner and 
outer shells of heavy-gage steel. At least 334 
inches of fiber glass insulation is used in all parts 
of cabinet, and liner and outer case are joined 
by*wide plastic strips secured by stainless steel 
screws. Balloon-type extruded rubber gasket 
is mounted on top edge of cabinet. 


(New machines listed on page 194) 
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Nomograph Aids Solution of 





Vibration Problems 


AMM on prep 


By Melvin Nord and S. F. Ciricillo 


IMPLE HARMONIC vibration is characterized by four quantities: Amplitude of 
vibration, frequency, maximum velocity, and maximum acceleration. Only two of 
these are independent variables, so that when any two are specified, the others may 
be determined. The vibration nomograph on Page 156 provides a rapid method of making 
this determination. By means of a single line through the two known values, the others 
are found at the intersections of the line with the remaining axes. | 
The fundamental equation for a simple harmonic vibration may be written as 


x= A cos 2xft 


where x is the displacement at time t, A is the amplitude, or half of the peak-to-peak 
displacement, and f is the frequency of oscillation, cycles for unit time. The first and 
second derivatives of this equation, with respect to time, represent the velocity and 
acceleration at the time t. Thus, 


=. —2xfA sin 2xft 


and 


d*x 
de = —42°f*A cos 2xft 


The maximum velocity, v, and the absolute value of the maximum acceleration, a, 
therefore are 


The two characteristic equations for a simple harmonic vibration may then be 
written as 


v=27fA 
a=2nfv 


The nomograph is based on Equations 6. As an example of its use, the dotted line 
shows that if the maximum velocity, v, is 67 inches per second, and the frequency, 
f, is 10 cycles per second, then the half displacement, A, is about 1.1 inches, and the 
maximum acceleration, a, is about 11 times the acceleration of gravity. 
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Manganese 
Alloy Cast Steels 





ASTM SPEC. NO.: a14s-44 





to various heat treatments. 


of a competent foundryman. 


Specifications of the American Society for Testing Materials (ASTM) for Manganese Alloy 
Cast Steels generally fix only the minimum mechanical properties. Properties higher than 
those listed can be obtained by varying the chemical compositions and by subjecting cast parts 


It is suggested that the designer select the steel to be used from the standard (ASTM) speci- 
fications and, after acquainting the foundry with eny additional properties required in a given 
fart, leave the compounding of the steel and recommendations for its heat treatment in the hands 





ASTM 

Specification Heat 
No. Class Treatment® 

a oe oe Al A 
Pee A2 A 
ES eee oe Bl A or N or NT 
death 5. wrk B2 A or N or NT 
a 5. ae A or N or NT 
ETS Cc} N or QT 
NS a oni nw « Shalt C2 N or QT 
RS es C38 N or QT 


Cast steel containing over one per cent manganese is 
classified as an alloy steel. The effect of manganese in cast 
steel is to promote high strength accompanied by satisfactory 
ductility, although in some cases property values are sensi- 
tive to composition changes. The three most important types 
of this group from the standpoint of volume produced are 
the medium-manganese, manganese-nickel and manganese- 
molybdenum steels, . 

Medium-Manganese Cast Steels: The three primary types 
constituting the bulk of medium-manganese steel castings 
are of the following nominal compositions (percentages): 
0.25 to 0.85 carbon, 1.05 to 1.85 manganese; 0.30 to 0.40 
carbon, 1.35 to 1.55 manganese; 0.30 to 0.40 carbon, 1.70 to 
2.00 manganese. These castings seldom are used fully an- 
nealed, in which state they exhibit low impact and yield 
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PROPERTIES PRESCRIBED IN ASTM SPECIFICATIONS 
Alloy-Steel Castings for Structural Purposes 


Tensile Yield Elong. Red. 
Strength Strength in 2 in. of Area 
(min, psi) (min, psi) (min, %) (min, %) 

75,000 40,000 24 85 

85,000 53,000 22 35 

85,000 55,000 22 40 

90,000 60,000 22 45 
100,000 65,000 18 80 

90,000 65,000 20 45 
120,000 100,000 14 85 
150,000 125,000 10 25 


*A = Full Annealed; N = Normalized; NT = Normalized and Tempered; QT = Quenched and Tempered. 


CHARACTERISTICS 


strengths. They show their best properties on normalizing or 
liquid quenching. Where tempering follows normalizing, 
the effect is to increase ductility and impact values with 
decrease in yield point and tensile strength. Values normally 
expected from the three main types given in the foregoing 
are listed in the tables. These steels are somewhat superior 
in creep resistance to plain carbon steels of similar carbon 
content, although other steels containing molybdenum or 
tungsten, with or without chromium, give higher values 
at temperatures approaching 1000 F or above. 
Medium-Manganese-Titanium (titanium treated) Cast 
Steels: Titanium is added to medium-manganese cast steel to 
refine the grain and, by thus altering the critical cooling rate, 
make the steel less strongly air-hardening. Addition of ap- 
proximately 0.05 per cent titanium to manganese steel in- 


SED 
Macmne Desicn is pleased to acknowledge the colliboration of the Steel Founders’ Society of America in this 
Presentation. Data included are abstracted trom the Society's Steel Castings Handbook. 
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creases the yield strength, ductility and impact resistance. 
Normally expected mechanical properties of some repre- 
sentative steels in this group are listed in the tables. These 
steels offer good properties at low cost and simplicity in 
heat treatment. 

Manganese-Nickel Cast Steels: These usually are produced 
within the following limits (percentages): 0.30 to 0.40 
carbon, 1.10 to 1.830 manganese, and 0.65 to 0.85 nickel. They 
respond well to liquid quenching followed by tempering and 
are well suited to differential hardening wherein the section 
to be hardened is immersed in water after the entire cast- 
ing has been heated above the critical range. Normally 
expected properties of representative steels are listed in the 
table. 

Manganese-Chromium-Vanadium Cast Steels: Main effect 
of the addition of vanadium to manganese-chromium steel is 
to increase impact resistance in the normalized and tempered 
condition. These steels are of the air-hardening type. Nor- 
mally expected properties are listed in the table “Manganese- 
Chromium-Vanadium Cast Steels”. 

Manganese-Chromium-Molybdenum Cast Steels: These 
have high yield values plus good ductility. They are of two 
basic types, one having medium - carbon, low - chromium 
content, and the other having slightly higher carbon and 
chromium content. Analysis range covered by the first type is 
(percentages): 0.25 to 0.40 C, 0.30 to 0.50 Si, 1.25 to 
1.50 Mn, 0.70 to 0.90 Cr, 0.80 to 0.40 Mo. Analysis range 
of the second type is: 0.40 to 0.55 C, 0.30 to 0.50 Si, 1.25 
to 1.50 Mn, 0.90 to 1.25 Cr, 0.80 to 0.50 Mo. Steels of the 
first type have good properties up to 1000 F and resist creep 
at elevated temperatures. Because of the high mechanical 





properties that may be obtained in both of these steels, 
lightweight sections may be employed for important 
structural members. Where casting design permits, liquid 
quenching produces excellent properties. Normally expected 
properties of these steels are given in the table, “Manganese. 
Chromium-Molybdenum Cast Steels”. 


Manganese-Molybdenum Cast Steels: Popular low-alloy 
cast steels of the air-hardening type. Similar to medium. 
manganese steels, they have the added characteristic of high 
yield point at elevated temperatures, higher yield ratio a 
room temperature and greater freedom from temper brittle. 
ness. They also have excellent depth-hardening character. 
istics. Properties are similar to those of nickel-molybdenum 
steels except that, for a given hardness or strength, their 
ductility generally is slightly lower. Usual compositions fal] 
within the ranges (percentages): 0.20 to 0.40 C, 1.10 to 1.50 
Mn, 0.25 to 0.50 Si, 0.25 to 0.50 Mo. Normally expected 
properties are listed in the tables:.* Presence of molybdenum 
in these steels has beneficial influence on creep resistance,’ 


Manganese-Vanadium Cast Steels: Addition of 0.10 per 
cent vanadium to medium-manganese steel produces marked 
improvement in microstructure and mechanical properties, 
This is evidenced in higher yield strength and particularly 
in better impact values. Fatigue resistance of these steels 
also is excellent. Usual compositions fall within the ranges 
(percentages): 0.25 to 0.35 C, 1.40 to 1.70 Mn, 0.25 to 0.50 
Si, 0.08 to 0.12 V. Normally expected properties are listed 
in the tables. In thin-sectioned castings designed to permit 
liquid quenching, properties shown in the table, “Water. 
Quenched Manganese-Vanadium Cast Steel” may be ob- 
tained. 


MEDIUM-MANGANESE CAST STEELS 


(0.25 to 0.35 C, 1.05 to 1.35 Mn) 
(normally expected values) 


Composition Heat 
(%) Treatment® 
C Mn Si (deg F) 
0.29 1.19 0.32 1650 AC 
0.32 1.28 0.29 1600 AC 
0.35 1.25 0.87 1650 AC 
0.29 1.20 0.28 Heated 1650, 1550 AC, 
700 T 
0.32 1.16 0.80 Heated 1650, 1550 AC, 
700 T 
0.84 1.12 0.47 Heated 1650, 1550 AC, 
700 T 
0.85 1.25 0.33 1600 AC, 1250 T 
0.31 1.30 0.39 1650 AC, 1250 T 


*AC=Air cooled; T—Tempered. 


MEDIUM-MANGANESE CAST STEELS, WATER-QUENCHED AND TEMPERED 
(normally expected values) 


— —Composition (%)—— 

Cc Mn Si Heat Treatment® (deg F) 
0.35 1.38 0.33 1650 WQ, 1290 T 
0.26 1.76 0.54 1650 WQ, 1290 T 
0.26 1.11 0.45 1650 WQ, 1290 T 
0.25 1.48 0.55 1650 WQ, 1185 T 
0.26 1.36 0.51 1650 WQ, 1185 T 
0.28 1.40 0.53 1650 WQ, 1220 T 
0.31 1.12 0.52 1650 WQ, 1290 T 
0.28 1.89 0.38 1650 WQ, 1200 T 
0.32 . 141 0.40 1650 WQ, 1200 T 


' @WQ = Water quenched; T = Tempered; }Keyhole notch. 


Tensile Yield Elong. Red. Brinell Izod 
Strength Point in2in. of Area Hard. Impact 
(psi) (psi) (%) (%) No. (tb) 
81,390 48,400 25.5 40.3 Me a 
88,200 57,000 27.0 46.0 “ss 12 
91,000 55,000 20.0 45.0 180 15 
77,500 50,500 $2.0 55.4 
88,000 46,000 27.0 40.4 ae 94 
80,500 41,000 30.0 47.4 bie 3 
85,000 , 28.0 50.0 160 95 
86,500 53,000 30.0 55.0 170 a 
Tensile Yield Elong. Red. Charpy 
Strength Point in2in. of Area Impact 
(psi) (psi) (%) (%) (ft-lb) 
106,000 74,000 17.7 $4.0 ~ 
85,000 57,000 94.7 41.0 $0.0 
78,000 51,000 80.5 56.4 96.6 
92,000 62,000 24.1 53.2 30.0 
96,000 , 29.6 57.9 27.5 
83,000 65,000 25.6 57.2 150 
81,000 52,000 29.5 56.9 98.4 
88,250 55,000 26.0 52.2 
102,500 70,000 23.5 48.5 
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MEDIUM-MANGANESE CAST STEELS 


(0.30 to 0.40 C, 1.35 to 1.55 Mn) 
(normally expected values) 


Composition Heat Tensile Yield Elong Red. Brinell 
(%) Treatment*® Strength Point in2in. of Area Hard. Impact 
Cc Mn Si (deg F) (psi) (psi) (%) (%) No. (ft-lb) 
0388 150 038 1650 AC 103,500 61,200 23.5 49.5 212 11(C) 
032 142 040 1650 AC 92,000 58,300 26.0 45.4 192 14(C) 
0.82 1.54 0.48 1650 AC 110,200 64,250 22.5 47.8 228 15(C) 
0.87 1.44 0.28 1650 AC 98,800 61,450 22.0 44.0 202 nes 
088 146 081 1650 AC 96,000 61,000 25.5 49.3 192 13(C) 
0.32 1.40 0.39 1650 FC, 1550 AC, 700 T 93,000 52,500 26.0 55.7 uae 20 (I) 
0.36 1.40 0.42 1650 FC, 1550 AC, 700 T 95,000 52,000 27.0 53.0 er 21 (I) 
0.87 1.56 0.51 1650 FC, 1550 AC, 700 T 101,500 55,000 27.0 44.5 = s nl 
0.40 1.54 0.44 1650 FC, 1550 AC, 700 T 100,500 54,700 25.5 50.5 ae 19 (I) 
030 155 0.33 1650 AC, 1050 T 95,000 65,000 27.5 55.0 a 
030 4155 0.33 1650 AC, 1200 T 88,850 60,000 27.5 58.1 187 
0.29 1.45 0.41 1700 AC, 1200 T 92,000 52,500 24.8 50.1 170 
0.30: 15? 0.43 1700 AC, 1200 T 94,800 53,400 24.7 48.3 170 
0.80 1.35 0.40 1700 AC, 1200 T 89,500 51,200 26.0 50.1 167 
0.83 1.50 0.38 1650 AC, 1250 T 89,100 54,550 28.0 57.3 183 
0.32 1.42 0.40 1650 AC, 1250 T 83,250 55,050 $1.5 55.7 166 
0.32 1.54 0.48 1650 AC, 1250 T 95,850 59,950 24.0 54.4 202 
0.33 1.46 0.31 1650 AC, 1250 T 86,350 51,950 82.5 57.8 183 
0.87 1.44 0.28 1650 AC, 1250 T 98,600 58,200 94.5 49.7 170 
*AC=Air cooled; FC—=Furnace cooled; T=Tempered. ¢(I)=Izod; (C)=Charpy V-Notch. 
MEDIUM-MANGANESE CAST STEELS 
(0.80 to 0.40 C, 1.70 to 2.00 Mn) 
(normally expected values) 
Tensile Yield Elong. Red. Izod 
—Composition (%)—— Strength Point in 2 in. of Area Impact 
C Mn Si Heat Treatment® (deg F) (psi) (psi) (%) (%) (ft-Ib) 
0.82 1.76 0.28 1650 FC, 1550 AC, 700 T 103,000 53,000 25.0 56.0 29 
0.34 1.85 0.28 1650 FC, 1550 AC, 700 T 110,000 63,000 22.0 44.0 sat 
0.34 1.68 0.31 1650 FC, 1550 AC, 700 T 103,000 55,000 25.0 51.0 21 
0.35 1.75 0.50 1650 FC, 1550 AC, 700 T 111,600 68,800 25.5 51.6 17 
0.35 1.75 0.35 1650 FC, 1550 AC, 700 T 107,200 66,000 26.0 57.5 25 
*FC = Furnace cooled; AC = Air cooled; T = Tempered. 
APPLICATIONS 


Medium-Manganese Cast Steels: Widely used for castings 
subject to repeated shocks, such as pneumatic tool parts, 
high speed railway car castings, automotive, steam turbine 
and other pressure parts. Because these steels resist abrasion 
well they are used for excavating buckets, caterpillar shoes, 
truck wheels, tractor treads, and for other purposes where 
high strength and wear resistance are of paramount impor- 
tance. Present trend indicates use of medium-manganese 
steel is diminishing in favor of the nickel-manganese, man- 
ganese-molybdenum or manganese-vanadium types. 


Medium-Manganese-Titanium (titanium treated) Cast 
Steels: Used primarily for high-tensile railway castings in- 
cluding side frames, couplers, bolsters, bolster center fillers, 
strikers, center plates, etc. 


Manganese-Nickel Cast Steels: Used for all types of cast- 
ings where either hardness or toughness is desired. They 
are popular in road construction machinery for all sizes of 
castings from small gears to large machine bases. 


Manganese-Chromium-Molybdenum Cast Steels: Because 
their high mechanical properties make possible light-sec- 
tioned castings, these steels are being used by builders of 
high-speed transportation units and other equipment where 
weight reduction is important. In particular, castings of this 
group having carbon from 0.40 to 0.55 and chromium from 
0.90 to 1.25 per cent have excellent wear resistance with 
reasonable toughness. They are used in excavating and 
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drilling equipment and for crusher rolls, gears, etc. These 
steels have excellent depth of hardening possibilities, and 
fairly heavy sections (8 to 4 inches) can be through-hardened 
by water quenching. : 

Manganese-Molybdenum Cast Steels: Available at moder- 
ate cost, these are considered general-purpose steels. Good 
depth-hardening characteristics make them applicable to 
automotive, tractor, excavating machinery and freight car 
castings. They are used for cutter chains, plow tips, hammer- 
mill hammers, sprockets and gears, christmas-tree valve 
bodies, valves and fittings generally, crown-block sheaves, 
and casing heat tubes. For many purposes these steels can 
be used interchangeably with nickel-manganese and nickel- 
molybdenum cast steels. 

Manganese-Vanadium Cast Steels: These are being used 
as parts of railway equipment and for miscellaneous pur- 
poses where high strength, toughness, wear resistance and 
resistance to impact are of paramount importance. 


FABRICATION 


MACHINABILITY: 

In general, these steels have a machinability rating of 
about 50 per cent as compared to 100 per cent for cold- 
rolled SAE 1112. Often the skin on a steel casting contains 
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bits of grit and sand which tend to wear cutting tools rapidly. 
This difficulty is circumvented, however, by making the 
initial cut on a casting a deep, or hogging cut. Generally, 
steel in the “as cast” condition is considered more difficult 
to machine than after it has been properly heat treated. 


WELDABILITY: 

Although these steels can be welded by any of the com- 
mercial processes, normal practice in the steel castings in- 
dustry is to use the electric arc. All of these medium- 
manganese alloy cast steels should be preheated and stress 
relieved because of their high alloy content. In general, it 
is recommended that in sections greater than %-inch, castings 
be preheated to about 300F before welding and, after 
welding, stress relieved at 1100 to 1250 F. 


HEAT TREATMENTS 


All of the medium-manganese cast steels covered by this 
Work Sheet are air hardening and almost invariably are 
used in the normalized state. None are intended for use in 
the fully annealed condition. With the exception of manga- 
nese-vanadium cast steels when used where high impact 
strength is required, these steels seldom are double-normal- 
ized because the improvements resulting do not warrant the 
additional heating cycle. Occasionally, manganese-nickel 
casting steels are water-quenched and tempered to effect 
maximum toughness. Single-normalizing temperatures gen- 
erally range from 1550 to 1650 F, often followed by temper- 
ing at 1100 to 1250F, In double-normalizing the first tem- 


MATERIAL SPECIFICATIONS 


In addition to ASTM Spec. No. Al48-44, medium-manga- 
nese alloy cast steels are also covered by AAR (Association 
of American Railroads) Spec. Nos. M-24-39 and M-201-36, 
Federal Specification for these steels is QQ-S-681-b grades 
4Al1 to 4C4. 


IMPACT VALUES OF 
MANGANESE-MOLYBDENUM CAST STEEL 


(0.34 C, 1.10 Mn, 0.18 Mo) 
(test values, Charpy Impact, ft lbs) 


Heat 
Treatment*® Testing Temperature (deg F) 
(deg F) 65 14 -—18 —40 —94 
EE 5 abi dK bie Shee oi: oy ...- 43 


AC 1700, T 1200 $3.5 23.2 118 7.2 338 
AC 1700, WQ 1600,T 1200 68.7 59.7 43.3 34.8 . 247 


*°AC = Air cooled; WQ = Water quenched; T = Tempered. 


MANGANESE-TITANIUM CAST STEEL 
LOW-TEMPERATURE IMPACT PROPERTIES 

(9.30 C, 1.60 Mn, 0.40 Si, 0.025 P, 0.030 S) 
— Izod Impact: 


eS 49 ft-lb SN 34. G ses 25 ft-lb 
 ) pare 42 tt-lb -—25F........ 17 ft-lb 
SPr.......M7 Rb -—-F...:.... 12 ft-lb 
OF ae 28 ft-lb -—60F........ 7 ft-lb 
PT 655 od Sev eee eee ssseseer 96,650 
LOREEN ne a re 71,950 


Elongation in 2 Inches (%) .................... 255 
Reduction of Area (%) 
Ratio—Yield Poi-t/Tensile Strength 
Brinell Hardness Number ...................-. 197 


perature usually &s 1600 to 1675 F; the second (when fol- Metermnce Lam foe) ...... 25.056... . 005s, 43,000 
lowed by tempering), 1475 to 1500 F. Ratio—Endurance Limit/Tensile Strength ....... 0.444 
ENDURANCE PROPERTIES OF MEDIUM-MANGANESE CAST STEEL 

(test values, 0.35 C, 1.71 Mn) 
Heat Treatment*® Tensile Strength Endurance Limit 
(deg F) (psi) (psi) Endurance Ratio 

eg ee ie en Oe ee ERT te 81,000 382,000 0.40 

I, kk ag es sie ee ee vm 109,000 45,000 0.41 

foou AC. lors AC. GOO AC................. 104,000 45,000 0.48 

150 AC, 3525 AC, WOOO AC... . 2.05 eo eee. 104,000 45,000 0.48 

aos AC... 2%. ec .« SHCA liste Rca dt viel 108,000 48,000 0.45 

ee epee as 104,000 44,000 0.42 

I Se tcc ee es 08 103,000 43,000 0.42 

1650 AC, 18285 AC, STS AC ................. 104,000 44,000 0.42 

*AC = Air cooled. 
MANGANESE-CHROMIUM-MCLYBDENUM CAST STEELS 
(normally expected properties) 
Composition Heat Tensile Yield Elong. Red. Brinell 
(%) Treatment® Strength Point in 2 in. of Area Hard. 

Cc Mn Cr Mo (deg F) (psi) (psi) (%) (%) No 
0.28 1.33 0.78 0.32 1650 AC, 1250 T 103,300 75,000 22.0 50.0 200 
0.84 1.19 0.96 0.34 1600 AC, 1300 T 105,800 77,450 23.0. 52.0 207 
0.38 1.30 0.80 0.33 1650 AC, 1250 T 111,000 78,800 19.5 46.7 292 
0.34 1.50 0.65 0.35 1650 AC, 700 T 165,950 131,900 12.0 34.8 360 
0.34 1.50 0.65 0.85 1650 AC, 1000 T 153,500 110,100 15.4 87.7 343 
0.34 1.50 0.65 0.85 1650 AC, 1250 T 110,400 81,000 23.0 55.8 238 
0.34 1.50 0.65 0.35 1575 OQ, 1000 T 185,250 171,250 18.3 36.3 406 
0.34 1.50 0.65 0.35 1575 OQ, 1250 T 113,550 93,550 23.0 56.1 256 
ee 1.29 0.75 0.33 1600 OQ, 900 T 112,000 92,500 20.0 49.8 256 
0.82 1.87 0.75 0.82 1600 OQ, 1250 T 117,500 90,500 17.5 42.0 248 
0.33 1.25 0.89 0.35 1600 WQ, 1300 T 115,800 83,500 21.0 50.3 227 
0.42 1.28 0.94 0.40 1650 AC, 1250 T 123,000 87.000 15.7 98.5 254 
0.50 1.80 1.00 0.42 1650 AC, 1250 T 138,500 103,900 13.5 19.5 282 
0.47 1.38 1.07 0.48 1600 OQ, 1250 T 160,000 129,500 10.2 23.0 $25 


_ © AC= Air cooled; OQ = Oil quenched: WQ = Water quenched; T = Tempered. 
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Composition 

(%) 

Mn 

1.63 0.11 
1.47 0.12 
1.44 0.12 
1.67 0.10 
1.52 0.11 
1.45 0.10 
1.42 0.10 
1.44 0.12 
1.44 0.12 
1.44 0.12 


MANGANESE-VANADIUM CAST STEELS 


Heat 


Treatment® 


(deg F) 
1650 AC, 1250T 


1650 AC, 1500 AC, 1250 T 


1650 AC, 1250 T 


1650 AC, 1500 AC, 1250 T 


1650 AC, 1200 T 
1650 AC, 1250 T 


1650 AC, 1500 AC, 1200 T 


1650 AC, 1275 T 


1650 AC, 1550 WQ, 600 T 
1650 AC, 1550 WQ, 1300 T 


Tensile 
Strength 
(psi) 
90,000 
91,000 
94,300 
101,200 
100,500 
102,000 
104,000 
86,900 
180,700 

89,700 


* AC = Air cooled; T = Tempered; WQ = Water quenched. 


Cc 


0.30 
0.30 
0.26 
0.28 
0.32 


0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.38 
0.32 
0.32 
0.30 
0.30 


———— 
°AC = Air 
**Keyhole notch 


Yield 
Point 
(psi) 
65,000 
68,200 
69,700 
67,500 
67,000 
72,500 
79,000 
62,450 
159,600 
80,150 


MANGANESE-NICKEL CAST STEELS; NORMALIZED AND TEMPERED 
(Normalized 1650 F, Tempered 1275 F) 


Composition Tensile Yield Elong. 

%) Strength Point in 2 in. 

Cc Mn Si Ni (psi) (psi) (%) 

0.32 1.15 0.89 0.67 94,600 57,000 24.5 

0.34 130 0.44 0.71 97,500 57,250 25.0 

0.35 «+ 1.18 0.87 0.63 . 91,800 55,350 25.5 

0.36 121 0.42 0.68 93,600 53,350 26.0 

0.37 1.27 0.43 0.79 99,650 55,350 24.0 

0.38 1.20 0.36 0.83 100,800 60,250 24.0 

0.40 120 0.32 0.74 100,600 64,900 25.0 
MEDIUM-MANGANESE-TITANIUM CAST STEELS 

Composition Ileat Tensile Yield 
%) Treatment** Strength Foint 
Mn Ti® (deg F) (psi) (psi) 
1.60 0.042 1650 AC, 1200 T 98,000 65.000 
1.68 0.042 1600 AC, 1050 T 106,000 78,000 
1.46 0.042 1600 AC, 1050 T 91,000 63.000 
1.52 0.042 1650 AC, 1200 T 95,000 65,500 
1.45 0.050 1625 AC, 1150 T 103,000 75,000 





*Amount of titanium added as ferrotitanium. Usually 5 lb per ton. 


*°AC—Air cooled; T=Tempered. 


1.06 
1.05 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1,13 
1.14 
1.14 
1.06 
1.06 


0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.53 
0.35 
0.35 
0.45 
0.45 


Ni 

0.67 
0.67 
0.67 
0.67 
0.67 
0.67 


— Composition (%)—— 
C Mn i i 


MANGANESE-NICKEL CAST STEELS 
NORMALIZED-AND-TEMPERED AND QUENCHED-AND-TEMPERED 


Heat Treatment® (deg F) 


1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 
1650 AC, 


1650 AC,. 


1775 AC, 
1600 AC, 


800 T 
1000 T 

1275 T 

1550 WOQ, 600 T 
1550 WO, 800 T 
1550 WO, 1000 T 
1550 WQ, 1200 T 


800 T 
1250 T 
1550 WQ, 
1550 WO, 
1550 WO, 
1550 
1550 WQ, 1275 T 
1575 AC, 1275 T 
1250 T 


600 T 
800 T 
1000 T 


1650 WO, 1250 T 


1650 AC, 


1650 AC, 
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13550 WQ, 600 T 
1550 WQ, 1300 T 


Cooled; WQ = Water quenched; T = Tempered. 


WO, 1200 T 


Tensile 
Strength 

(psi) 
89,900 
89,100 
90,600 
74,800 
162,200 
117,000 
110,000 
* 88.200 
111,200 
112.000 
95 200 
217,000 
165,700 
138,500 
110.200 
99,100 
89.850 
98,600 
104,500 
157,200 
81,800 


Elong. Red. Izod 
in 2 in. of Area Impact 
(%) (%) (ft-lb) 
$1.0 58.5 54.0 
30.7 60.8 61.0 
29.5 56.0 49.0 
28.2 57.0 55.0 
27.0 54.8 41.0 
26.0 53.2 35.5 
27.0 54.0 49.0 
30.0 63.9 ts 
9.5 27.5 : 
29.0 62.9 
Red. Brinell 
of Area Hard. 
(%) No. 
48.0 180 
54.7 197 
54.7 179 
50.9 187 
50.9 197 
49.7 197 
52.9 197 
Elong. Red. Izod 
in 2 in. of Arca Impact 
(%) (%) ——(ft-Ib) 
26.5 52.2 82 
28.0 59.0 40 
31.0 55.0 55 
27.5 53.4 42 
26.0 59.5 30 


Yield Elong. Red. 
Point in2-in. of Area 
(psi)  (%) (%) 
51,900 28.0 58.5 
51,700 28.3 53.9 
50,360 28.0 56.5 
42.300 32.5 58.8 
141,600 85 26.5 
92,100 17.2 45.2 
77,800 19.2 48.4 
62,700 29.0 65.2 
66,800 23.0 49.2 
68,100 23.0 50.1 
55.100 27.0 55.0 
193,000 5.0 15 
150,100 11.5 81.3 
122.700 17.0 41.5 
89,400 20.0 52.2 
77,500 27.5 59.5 
59,400 30.5 60.8 
63,600 23.5 46.0 
83.000 24.0 57.3 
144,500 11.0 29.2 
58,650 33.0 66.5 


Brinell Charpy 
Ilard. Impact 
No. (ft-lb) 
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179 
429 
357 
285 
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MANGANESE-ALLOY CAST STEELS 





MANGANESE-CHROMIUM-VANADIUM CAST STEELS 


(normally expected preperties ) 


Composition Heat Tensile 
(%) Treatment* Strength 

C Mn Cr Si v (deg F) (psi) 
0.25 1.20 0.52 0.47 0.17 1650 AC, 1200 T 107,000 
0.32 1.14 0.47 0.68 0.20 1650 AC, 1200 T 97,000 
0.32 1.51 0.47 0.29 0.16 1700 AC, 1525 AC, 1275 T 89,250 
1650 AC, 1150 AC 116,000 
0.42 1.45 0.38 0.80 0.16 1650 AC, 1450 AC 108,000 
1650 OQ, 1150 AC 115,000 
1650 OQ, 1450 AC 105,000 
0.44 1.48 0.61 0.47 0.10 Double Norm. & Temp. 119,250 
0.36 1.29 1.28 0.44 0.11 Double Norm. & Temp. 113,900 
1650 FC 104,100 
0.34 1.51 0.47 0.29 0.16 1650 AC, 1200 T 112,250 


1650 AC, 1650 AC, 1200 T 98,000 
1700 AC, 1525 AC, 1275 T 89,250 





* AC = Air cooled; FC = Furnace cooled; OQ = Oil quenched; T = Tempered. 


Yield 
Point 
(psi) 
85,000 
71,000 
70,250 
74,000 
62,000 
74,000 
78,000 
76,600 
78,800 
62,500 
86,750 
72,000 
70,270 


WATER-QUENCHED MANGANESE-VANADIUM CAST STEEL 


(0.32 C, 1.60 Mn, 0.40 Si, 0.10 V) 


(test values, normalized 1650 F, water-quenched 1500, tempered as shown) 


Tempering Tensile Yield Elong. 
Temperature Strength Point in 2 in. 
(deg F) (psi) (psi) (%) 
700 189,000 166,000 7 
900 148,000 187,000 14 
1100 129,000 120,000 18 
1200 110,000 100,000 21 


MANGANESE-MOLYBDENUM CAST STEELS 
(normally expected properties) 


Composition Heat Tensile Yield 
(%) Treatment® Strength Point 

C Mn_ Si Mo (deg F) (psi) (psi) 
0.20 1.11 0.88 1250 NT 81,500 58,700 
0.24 182 ... 089 1250 NT 86,800 62,500 
0.28 129 ... 0.80 1250 NT 88,500 63,750 
0.30 1.25 0.85 1250 NT 92,500 65,300 
0.82 1.15 0.84 1250 NT 93,800 65,400 
0.34 1.85 0.82 1250 NT 89,500 60,000 
0.36 1.88 0.35 1250 NT 96,000 68,000 
0.40 160 ... 0.85 1250 NT 98,200 69,500 
0.28 1.29 0.46 0.30 As Cast , 97,000 72,500 
0.28 129 0.46 0.80 1700 Full Annealed 91,000 62,000 
0.28 1.29 0.46 0.80 1700 AC 111,500 80,000 
0.28 129 0.46 0.80 1700 AC, 1500 AC 112,250 81,000 
0.28 129 0.46 0.80 1700 AC, 1500 AC, 1200 T 84,500 64,750 
0.28 1.29 0.46 0.80 1700 AC, 1500 WQ, 1050 T 183,750 117,250 
0.28 1.29 046 0.80 1700 AC, 1500 WQ, 1200 T 100,000 83,750 
0.28 1.29 046 0.80 1700 AC, 1500 WQ, 1800 T 87,250 62,500 


®NT=Normalized and Tempered; AC—Air Cooled; WQ=Water quenched; T—Tempered. 


Red. 
of Area 

(%) 

20 

88 

43 

_ 47 
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Elong. Red. Izod 
in2in. of Area Impact 
(%) (%) (ft-lb) 
23.0 50.0 ai 
28.0 60.3 pe 
26.5 50.0 56.0 
18.5 42.5 
20.0 47.2 
21.0 41.0 
25.5 48.9 se 
25.0 56.2 $4.5 
25.0 62.6 390 
22.5 48.0 11.0 
16.0 41.5 ‘tie 
25.0 54.0 44.0 
26.5 50.0 56.0 
Izod 
Impact 
(ft-lb) 
8 
16 
20 
86 
Red.  Brinell Charpy 
of Area Hard. Impact 
(%) No. (ft-lb) 
55.0 165 
51.7 172 
55.2 176 
52.5 187 
49.5 192 
50.0 nye 
49.5 ao 
49.0 208 ~ 
11.5 223 16.1 
34.4 187 19.8 
80.8 228 28.7 
28.8 228 25.8 
60.5 179 45.3 
48.0 302 35.9 
57.0 212 51.4 
62.5 187 
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Noteworthy Patents 


Magnetic Reversible Gear Drive 
ROVIDING a most unique method for coupling a 


worm and gear drive and for selecting direction of 
rotation, the mechanism in the accompanying illustration is 


Driven shott 





Drive worm 























Worm 
geor 
Wonmagnetic 
housing 
S 
Casing 
end 





Magnetic coils 


Magnetic flux path created through worm and gear main- 
tains a minimum air gap forcing teeth to remain in registry 


covered by patent 2,373,663. Recently assigned to the 
Woodward Governor Co. the patent on this reversible 
drive outlines the utilization of magnetic flux as the link- 
ing medium for the gearing rather than actual tooth con- 
tact. 

Teeth of worm gears used are of the same pitch and 
adjacent to but actually out of contact with the concave 
matching worm. Both the drive worm and worm gears 
as well as the worm gear shafts, casing end and center 
projection are made of a highly magnetizable material 
while the remainder of the unit is nonmagnetic. Mag- 
netic flux induced by one of two magnetic coils com- 
pletes a path linking the adjacent worm gear with the 
drive worm. Flux so induced tends to maintain a mini- 
mum air gap between the worm and gear so that the worm 
gear teeth are forced to follow or remain in registry with 
the thread of the worm. Any tendency in either flux path 
to by-pass through the worm to the opposite inactive worm 
gear and reduce the power transmitted is obviated by a 
partial energization of the inactive gear winding. This 
winding is powered at a low potential with a polarity such 
that it effectively balances out or neutralizes any leakage 
fux that may be present. A rheostat is included in the 
tireuit for balancing. 
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released by pressure from a plunger rod. 


Accurate, Inexpensive Indexing 


NOVEL indexing mechanism combining relative 

simplicity and low cost with a high degree of pre- 
cision is shown in the accompanying illustration. Recent- 
ly assigned to the Pennsylvania Manufacturing Co., the 
design is covered by patent 2,376,137. 

Work sockets of any variety and number in a main index 
plate are arranged in accurate radial alignment with a 
like number of index pins which extend below the plate. 
Slotted to engage these index pins below the plate is an 
accurately fitted detent, spring loaded and arranged to be 
Indexing of the 
plate is effected by means of an oscillation lever on which 
is mounted a spring-actuated pawl arranged to engage 
the same index pins. Angular positioning of the pins and 


Plunger Rod 
Work Sockets 
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Pins in exact radial alignment with the work sockets in 


index table are used both for advancing and locating 


work sockets has no effect on the accuracy of indexing. 

In operation, a pair of cams first releases the detent by 
means of a plunger rod and then advances the table one 
station with the pawl lever. The cams controlling this 
action and table dwell are designed so as to synchronize 


the movement of the pawl to advance the table only after 
the detent has been released, the detent again engaging 


an index pin before the oscillation lever and pawl return 
to initial position. 
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Design Abstracts 


Jet Propulsion for Transports 


URBO-JET engines for driving propellers will appear 
shortly on all airplanes designed to travel at speeds 
under 500 miles an hour and at altitudes under, say, 30,000 
feet. A gas turbine, somewhat smaller in diameter and 
lighter than the 2200-hp engine on the Constellation trans- 
port plane, will develop from 6000 to 7000 hp. There will 
be a slight amount of boost from the exhaust jet, but 
most of the energy of the hot gases will be absorbed by 
the turbine connected to the propeller by a reduction gear. 
For higher speeds, say from 500 to 1500 miles an hour, 
there will be pure jet engines without propellers. These 
will be less efficient at the lower altitudes, but at 25,000 
feet or over, running at full power, they will compare 
favorably in efficiency with conventional engines. 

The future transport will be of the pure jet type. It can 
be as large as is necessary to meet the demands of the 
traveling public, for there will be plenty of power available 
to fly this ship. The cabin will be pressurized for flight 
above 50,000 feet. Traveling above the speed of sound, 
10 miles above the earth, there will be no noise, no sense 
of speed. Weather will make no difference at all since 
the plane will fly over storms. Radio navigational aids, al- 
ready well developed, will permit landing with perfect con- 
fidence on an airport that is zeroed in by fog or snow. 

The transport just described will be able to use any air- 
port that is large enough to handle our big bombers today. 
It is likely that current research on wing flaps and other 
high-lift devices will permit even lower landing speeds 
than today’s ships possess. The chances are that each of 
its power units wil] supply as much as 10,000 hp. When we 
consider that the Lockheed Constellation, with a gross 
weight of approximately 100,000 pounds, has a total power 
output of less than 10,000 hp, we can visualize what it 
means to have 10,000 hp available for each of as many 
power units as we wish to use. 

This airplane will not be built immediately. The in- 
dustry needs a few years to get acquainted with jet pro- 
pulsion, and such a plane is 10 to 15 years away. 

Planes traveling within the earth’s atmosphere will not 
be able to fly faster than about 1500 miles an hour because 
the friction of the air will heat them above the point where 
cooling is practical. At 1500 miles an hour a temperature 
rise of some 400 degreos would be experienced. To avoid 
that, rocket airplanes will go very much higher where there 
is practically no air to create drag or cause excessive heat- 
ing of the ship. Flying outside the earth’s atmosphere, 
there is theorctically no limit to the speeds that can be 
attained. If we have somewhere to go fast, there is no 
reason why we won't be able to travel 10,000, yes, 100,000 
miles an hour. Mind you, we shall have to have some 
reason for going that fast. But I know of nothing now that 
will prevent our doing so if we choose. 

There is nothing from the medical standpoint that will 
prevent our traveling at these high speeds. But acceleration 
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and deceleration are different matters. These forces must be 
held to a value that the human body can stand, which js 
about 3g for an indefinite period. A rocket accelerating at 
8g outside the earth’s atmosphere would attain a speed of 
10,000 miles an hour in less than five minutes. So these 
speeds may not be so fantastic as they seem at first.—From 
a recent address by Hall L. Hibbard, Vice President and 
Chief Engineer, Lockheed Aircraft Corp., in Los Angeles, 


Creative Engineering in the U. S. 


O UR ENTIRE social structure has been altered during 
the last century by inventors, who are the construc. 
tive builders of our civilization. These inventors opened 
new frontiers and opportunities for abundant life not by 
depriving people and nations of their property rights 
through robbery, trickery and offensive warfare, but by 
creating new wealth in the form of new materials, new 
processes, new devices, new industries, more economical 
manufacturing methods, and new products. 

The art of inventiveness may be the result of logical 
scientific thought and tireless experimentation or it may 
depend on intuitive insight. Intuition appears to be the 
innate ability of some inventors. The inventor at times finds 
a correct solution or creates a working mechanism based on 
laws not known at the time the discovery was made. In- 
tuitively, some inventors are able to foresee correctly the 
future and its requirements and to arrange and direct their 
efforts accordingly. Men of genius have, upon occasion, 
created correct theories or made true discoveries long be- 
fore enough tangible evidence had become available to 
justify their assumptions. Intuition on the part of Leonardo 
da Vinci enabled him to show in his paintings and writings 
certain details in accord with scientific data and discoveries 
which were unknown in his time. To encourage creative 
endeavor, inclusive emphasis upon logical thinking should 
not be carried to such a degree as to neglect the use of 
intuition. Insight is the father of invention far more than 
necessity is its mother. 

Inventors can be made and creativeness can be devel- 
oped by proper education, training and environment. Those 
who invent differ from others not in the kind of experience, 
but in their attitude toward it. The inventor is constantly 
curious about the reasons why and how a device works 
and has a definite interest in improving it. Inventiveness 
requires, in addition to scientific knowledge, good reasoning 
power, constructive discontent with things as they are, 
recreative imagination, diversified experience, curiosity, T@ 
sourcefulness, open-mindedness, industry, perseverance, 
and optimism. 

While the inventor must be equipped with scientific 
knowledge—an indispensable tool in research and other 
creative endeavor—he must continuously protect himself 
against the encroachment of custom and habit and must 
have the capacity to construct bold, effective, and varied 
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concepts out of the clues which lie concealed in scientific 
and technological problems. 
Environment and the form of government account for 
the fact that Europeans—not nearly as inventive in Europe 
as the Americans—have produced in this country a Stein- 
metz, a Pupin, a Baekeland, and a Sikorski. These men of 
genius would probably never have achieved the inventions 
which America brought forth from them had they remained 
in their native environment. Our patent system, stimulating 
the creative talents of our people, is largely responsible for 
the industrial supremacy of America and for the high stan- 
dards of living of its people. It guarantees to inventors and 
tothose who invest in inventions far greater protection than 
that of any other country, and under it the best and the 





largest body of inventions in the world has been developed. 

Another factor which has contributed to creativeness in 
his country is that in America, more than in any other 
wuntry in the world, along with the enterprise to create, 
here is a willingness to discard a satisfactory present in 
der to create a better future. Rapid obsolescence en- 
genders invention.—From a paper by A. A. Potter, Dean 
if Engineering, Purdue University, and Executive Director, 
National Patent Planning Commission, presented at the 
1944 annual meeting of ASME. 


Applying Silver Bearings 


ILVER as a bearing material has shown excellent ca- 
pacity and fatigue resistance. When properly prepared 
and bonded to the bearing backing its resistance to fatigue 
is greater than that of any other known metal. Factors 
which affect performance are summarized as follows: 

1. Purrry AND HARDNESS: The silver should be as pure 
ss possible. For overall applications it should not exceed 


a hardness of 45 Vickers, (15 Kg), or a Meyer ultimate 


_ hardness number of 46.7. 


2. Bonpinc: For resistance to fatigue there must be 
a good bond between the silver and the bearing backing. 
In present-day practices both the electrodeposited type 
and the thermally bonded type have been found to pro- 
duce satisfactory results. 

3. HEAT-TREATMENT: It is preferable to heat-treat silver 
bearings in a hydrogen-rich atmosphere. Continued heat- 
ing in air has shown a detrimental effect on the bond, due 
to the oxygen penetration of the silver. Silver must also be 
oxygen-free to be heated in hydrogen-rich atmosphere. 

4. SILVER-STEEL sTRIP: Using thermally bonded and 
rolled type of silver strip: 

(a) The silver-steel bond is automatically tested in the 
bearing manufacturing process. 

(b) After circle forming the steel backs can be heat 
treated for greater strength. 

(c) Bearings for aluminum crankcases can be made with 
stainless steel or bronze backings, which give lower thermal 
expansion differentials. Thin-wall bearings may then be 
used, which can be produced at lower costs because auto- 
motive type of tooling can be utilized effectively. 

5. INDENTING: 

(a) By indenting the bearing surface a final visual check 
on the bond between the silver and the backing metal can 
be obtained. 

(b) By surface indenting and then filling, or partially 
filling the indentations with lead alloy, the performance 
of silver bearings can be greatly improved. 

(c) By using the smallest practical indentations im- 
proved fatigue resistance and bearing performance can 
be obtained.—From a paper by E. B. Etcheils and A. F. 
Underwood, General Motors Research Laboratories, pre- 
sented at a recent meeting of the Detroit Section of SAE. 
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Silicone Insulating Varnish 


For IMPREGNATING electrical equipment, Dow Corn- 
ing Corp., P. O. Box 592, Midland, Mich., is offering its 
DC 996 heat-stable, waterproof silicone varnish. Its appli- 
cation in electrical equipment provides protection against 
failure due to sustained overloads; increased protection 
against excessive moisture even after prolonged exposure to 
elevated temperatures; increased power output per unit 
weight; elimination of fire hazards resulting from failure of 
insulation; and higher permissible operating and ambient 
temperatures. Equipment can be baked fully assembled 
without damaging commutators or slip rings. Temperature 
required to cure the varnish does not affect shellac-bonded 
mica or core plating. It cures at temperatures comparable 
to those used at the present time for organic insulating 
varnishes and is applied in the same manner. The varnish 
is recommended for temperatures up to 175 C (347 F). 
For higher temperatures DC 993 should be used. 


Records Pressure on Potentiometer 


PRESSURE TRANSMISSION problems may be sim- 
plified by a pressure transmitter announced by Trimount 
Instrument Co., 37 W. Van Buren St., Chicago 5. The 
transmitter records pressure on any continuous balance 





potentiometer. More than one pressure can be recorded 
on the same instrument by means of a special switching 
arrangement, making the unit valuable where a large num- 
ber of pressures are to be recorded simultaneously. Size 
and weight are small, and it is available for any type pipe 
fittings. Having a wide temperature range, the transmitter 
is used for gases or liquids for pressures up to 1000 psi. 


Hydraulic Flow Equalizer 


Wirn THE HYDRAULIC flow equalizer, manufactured 
by the Pacific Division of Bendix Aviation Corp., North 
Hollywood, Calif., balanced flow in either direction to two 
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unequally loaded hydraulic actuating cylinders is possible, 
Necessity for mechanical interconnection or for two pump; 
is eliminated in the equalizer. It is only necessary to te. 
place the “T” in the pressure line from the control yalye 
with the unit. An installation such as this in a double. 





acting system will accurately equalize flow from one line 
into two branch lines and, in the reverse flow, from two 
branch lines into one line. Metering is automatic, the wit 
incorporating a balanced metering piston which does not 
depend upon outside mechanical action as the proportion- 
ing agent. With simple modification the equalizer is also 
available as a proportioner, splitting flow into two lines 
with predetermined greater flows in one line than the other 
Operated in the reverse direction, it will combine two such 
uneven flows, maintaining the specified proportion le- 
tween the two lines. 


Light-Duty Vibration Mount 


F oR HANDLING LOADS as low as one pound, a new 
light-duty vibration mount has been announced by Hai 
ton Kent Mfg. Co., Kent, O. The Rexon mounts are) 

signed to eliminate disturbing vibration and noise ftom 





small motors, typewriters, business machines, househok 
appliances, small power tools, etc., or to isolate delical 
instruments, etc., from external vibration. A radical de 
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No 
reconversion 


problem 


Johnson Bronze is ready to supply your peace time 
bearing needs. We had no reconversion problem. The 
change from war production to peace time operation 
was made over night. And we have much more to 
offer Industrial America. Our facilities have been 
increased . . . our equipment is the finest obtainable . . . 
we have added greatly to our skill and experience .. . 
and we are the only beanng manufacturer that makes 
every type of Sleeve Bearing. Why not consult with 
Johnson Bronze now? Let us help you solve your 
bearing problems . . . help you get an early start for 
your post-war market. 


JOHNSON BRONZE CO. 
525 $. MILL ST. NEW CASTLE, PA. 


CAST BRONZE 
Plain or Graphited 





SHEET METAL 
Rolled Bronze. Bronze 
On Steel. Babbitt On 
Steel. 
















BABBITT LINED 
Bronze or Steel Backing 





LEDALOYL 
Power Metallurg y 


BRANCHES IN 
18 INDUSTRIAL 
CENTERS 
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parture from conventional practice, the new principle of 
design combines the high vibration dampening properties 
of rubber loaded-in-shear, with safety, durability and ease 
of installation of a simple compression mount. No over- 
loading of the shear elements is possible with the new 
mount, 


Gear Type Hydraulic Pump 


G ENERAL-PURPOSE HYDRAULIC pumps, just de- 
veloped by PESCO Products Co., 11610 Euclid Ave., 
Cleveland 6, have an unusually high volumetric efficiency. 
Calibrations show efficiencies of 95 per cent and better at 





3000 rpm under pressure of 1500 psi. Suitable for uni- 
versal application where hydraulic power is utilized, the 
gear type pump has triangular mounting pad, SAE mag- 
neto flange, or is readily adaptable to other design mount- 
ing for special installations. Capacity rating is 3.5 gal- 
lons per minute at 1500 rpm or 7 gallons per minute at 
3000 rpm. Weight is 4.4 pounds, 


Powerful Magnetic Strainer 


ALN IMPROVED MAGNETIC strainer, recently de- 
veloped by Winslow Engineering Co., Oakland, Calif., 
combines the effect of powerful permanent magnets with 





fine screening to remove filings and metal particles from 
oil systems or other liquids. According to the company, 
its use in many varied fields has demonstrated that with 
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slight adaptations the basic design is applicable to a Variety 
of liquid filtration problems. Two cylindrical baskets ogy, 
sist of a main body of perforated steel within which ay 
fine wire mesh linings. Magnets are suspended withiy 
these baskets. The one-piece body, of either cast bron, 
or iron, incorporates the manifold, strainers, inlet and oy. 
let connections, by-pass valves, pressure regulator and mai 





control valve. The quick-acting hand-operated three-way} i 


control valve permits change of flow from one straing 
element to the other, or through both simul 
Flow is maintained through either one or both straing, 
regardless of position of the valve control lever, Wij, 
flow directed through one basket, the other basket an 
magnet assembly can be removed for cleaning as one upit 
Magnet assembly can easily be detached from the bask 
for additional cleaning or inspection, if necessary, Oy. 
going pressure may be regulated by a valve adjacent to ty 
three-way valve. Model 200-MS-1 duplex strainer hands 
15 gallons per minute, while a larger model handles 4) 


Sealed Cable Offered 


Q UICK AND EFFICIENT sealing of Type “S” rubbe 
power-supply cord, 2 or 3 conductor, No. 14 gage, into 
sealed die-cast enclosed switches has been developed by 
Micro Switch Div. of First Industrial Corp., Freeport, Ill. 
As illustrated, this consists of metal rings on either side 
of a rubber seal ring which expands under pressure of the 
seal nut, giving a tight seal against dust and moisture, Th 


METAL RINGS 












~ SEAL NUT 


‘SEAL RING 
7 DIE CAST HOUSING 














new method of sealing is in line with the company’s polity 
of supplying its thumb-size plastic-enclosed switch wil 
actuators and housings to meet a wide range of industtll 
switching problems. 


Hardenable Manganese Alloy ; 
DesIGNERS OF severely stressed parts will be especialy 
interested in the new manganese alloy, No. 720, announe 
by Driver-Harris Co., Harrison, N. J., because of its 
ratio of yield strength and proportional limit of 
strength. This soft, ductile metal which can be hot or cold 
formed into intricate shapes and hardened to a high de- 
gree by a low-temperature aging treatment, has a wide 








range of useful properties offering possibilities in desi) Wag 


uf 


of springs, diaphragms, and other parts in which des 
requirements make it desirable to shape the part first and 
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then heat-treat it to attain the required hardness and ten- 
sile and fatigue strength. Although this corrosion-resistant 
alloy is more than half copper, it has a silvery color and 
presents an attractive finish when polished. 


Constant Speed D-C Motor 


Es PECIALLY 
adaptable to syn- 
chronous operation, 
formerly possible on- 
ly through the use 
of a-c current, a 
new constant speed 
d-c motor has been 
developed by the 
Amglo Corp., 4234 
Lincoln Ave., Chi- 
cago. Small enough 
to be held in the 
palm of the hand, 
the motor is simpie 
in design, and con- 
structed for land, aircraft or marine use. According to tests 
under working conditions, the motor maintains a constant 
set speed. It is self-starting and has a low current consump- 
tion (from 0.06 to 1 watt). Shaft speeds may be geared 
from one revolution every 24 hours up to 600 rpm. Because 
of simplicity in design, the motor has been made available 
for use at 1%, 3, 6, 12, 24, 32 or 110 volts. It fills a need in 
fields such as marine beacons and buoys time-delay con- 
trols, battery-operated clocks, recording instruments and 
other devices where accuracy is required. 





Flexible Ventilating Hose 


TRADENAMED Portovent, a new type ventilating hose 
has been developed by American Ventilating Hose Co., 15 
Park Row, New York, to supplement its more rigid spiral 
wire reinforced hose and a nonreinforced one. It meets 
the need for metal-reinforced, lightweight, large-diameter 
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ducts which can be compressed into small space for trang. 
portation and yet stay open around sharp bends when jp. 
stalled. Particularly suitable for use with portable tank 
ventilators, air conditioning and heating and cooling units 
the hose is of sectional construction, allowing the assembly 
of any desired length from 2%-foot sections. These are 
readily coupled and uncoupled with the hand, and form q 
tight joint which will not be broken by jerks or pulls ep. 
countered in service. Special attachments for coupling tg 
blowers or other air-handling apparatus are provided, and 
these fittings couple interchangeably with either end 9f 
any section. Reinforcement consisting of rings spaced 
from 2 to 5 inches apart, varying according to the diam. 
eter of the hose, are held in place around their entire gj. 
cumference by a synthetic rubber-base compound which 
also covers the inside and outside surface of the hose. The 
hose is offered in sizes from 5 to 24 inches in diameter. 
Compression for packing is 6 to 1 overall, and can be sti 
greater if application is for light service. 


Air-Operated Valve 


AIR-OPERATED VALVES 
are now available from Hills- 
McCanna, 3025 North Western 
Ave., Chicago 18, in sizes rang- 
ing from 4 to 12 inches. Special 
controls, together with an air- 
actuated piston mounted on the 
valve, operate it. These special 
controls, of simple open-and- 
shut type operation, provide op- 
posed-air operation for smooth 
throttling over a range wide 
enough for easy instrumentation. 
An auxiliary air tank provides 
shut-off in case of failure of the 
main air supply. The new valve 
will be of particular interest to 
the pulp, paper, chemical, and 
other bulk process fields. 





Plastic Foam Buoyant Material 


K NowN as Flotofoam, the buoyant material produced 
by United States Rubber Co., Rockefeller Center, New 
York, and used in armored tanks, is now being offered for 
such peacetime applications as insulation for automobiles, 
trains, and airplanes. It weighs less than a pound anda 
half per cubic foot, and can be made to weigh as little s 
three-quarters of a pound per cubic foot. 


Hermetically Sealed Resistors 


HERMETICALLY SEALED precision resistors, built 
by Daven Co., 191 Central Ave., Newark 4, N. J:, originally 
for use in Army and Navy equipment, are being offered 
now for use in equipment where extremes of humidity and 
temperature are present. Resistor elements are mounted it 
a drawn brass case, and soldered connections are brought 
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glad to discuss your production 


problems with you. 
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out through fused-glass seals. Interconnecting wiring and 
resistors are braced to withstand vibration and shock. The 
drawn brass cover is also soldered into fixed position. A 
unique mounting bracket permits vertical, inverted or 
horizontal mounting. Dimensions of the resistors are 1¥ x 
1% x % inches deep. Terminal height is Ys-inch. The re- 
sistors may be furnished in any range, with a maximum of 
1,600,000 ohms, depending on the type of resistance wire 
employed. They are available with two terminals at one 
end or terminals at each end. A single four terminal unit 
is designed to take up to four separate spool type resistors 
of different values and accuracies. 


T-Type Oil Clarifier 


S AID TO REMOVE 95 to 
98 per cent of chips, abra- 
sives and other solid contam- 
ination from oils and cool- 
ants, the new oil clarifier, in- 
troduced by Honan - Crane 
Corp., 565 Wabash Ave., 
Lebanon, Ind., utilizes mul- 
tiple tubes covered with 
closely woven cotton filter 
tubing. Known as the T-type 
clarifier, dirty oil enters the 
unit at the bottom, surrounds 
the filter tubes, passes 
through the cotton cloth and 
filter screens and rises to the 
clean oil outlet, assuring a 
constant flow of clean oil or 
coolant. Cycle of operation is 
automatic with exception of 
short periods required for re- 
moval of accumulated abra- 
sives from the cotton tubing. 
The clarifier is available in 
two models: The T-4 model is designed to serve a single 
machine, connecting direct to the oil system; and Model 
T-8 is equipped with its own motor-driven pump and op- 
erates independently of the equipment’s system, being con- 
nected with the sump. This latter type is capable of han- 
dling oil or coolants from two or more machines. 





Two-Way Stretch Decals 


DECALCOMANIAS with a “two-way stretch”, banned 
from civilian production during the war, are now available 
in unlimited quantities for all uses from The Meyercord 
Co., 53823 West Lake St., Chicago. Known as “Elasti- 
Cals”, they are made of stretchable material and applied 
to rubber and other elastic surfaces for use as nameplates, 
trademarks and colorful decorations. 


Small Latching Relays 


O FFERED BY Cook Electric Co., 2700 Southport Ave., 
Chicago 14, new, small latching relays, known as Latching 
Aerotrols, combine two Aerotrol “400” series relays with 


9 


~ 


an interlocking armature. This design makes possible the 
combining of any two Aerotrols of similar or differen 
types into a latching relay. They can be supplied in eithe 
single or double pile-ups and with standard spring pile-up 





formations and combinations. Mounting arrangements are 
to specification. Supplied for either alternating or direct. 
current operation with maximum voltage of 125 volts di. 
reet current or 120 volts, 60 cycle alternating current, the 
relays are 1: inches in height, 2% inches in length, and 
18-inch in width. 


Powder-Metal Engine Bearings 


ENGINE BEARINGS used in war equipment, are now 
being produced in quantities by Moraine Products Divi- 
sion, General Motors Corp., Dayton, O., for motor cars 
and trucks. These Durex-100 bearings, made especially 
for the main and connecting rods of internal combustion 








engines, will enable automotive engineers to design &™ 
gines operating at high unit bearing pressures. Produceag 
by powder metallurgy the bearing is a steel-backed oa | 
base babbitt lined bearing. There is an additional intemy 
mediate layer of a metallic sponge-like structure, or ma 
copper brazed to the steel back into which the babbitt® 


cast. The babbitt, developed specifically for this bear 
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COMPRESSION PACKINGS WORE OUT IN ONE WEEK! 
VIM Leathers lasted 5 months plus! 


Piercing presses for 105 mm. H. E. shell forg- 
ings, exerting a pressure of 1260 PSI, had been 
equipped with ordinary compression packings. 
Each week the packings had to be renewed— 
with down-time loss and high upkeep. 


The contractor changed to VIM Leather “V” 
Packings recommended by our hydraulic en- 
gineers. The first press so packed ran five 
months without a packing failure; had not 
Production been halted on V-J Day, it might 
still have been running. 


Meanwhile all other presses in that huge in- 
stallation were being changed over to VIM 
Leather Packings, which were providing long, 
trouble-free service. 


Twenty times the life of other type packings 
is not too unusual for VIM. These moulded 
leathers, designed right, made right, and en- 
gineered for the job, can well be the answer 
to your packing problem. Write E. F. 
HOUGHTON & CO., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


on UTM Leather Heking 
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is a corrosion-resistant high-lead alloy. Some of the ad- 
vantages of this bearing are high-conformability, high im- 
bedability, high resistance to fatigue cracking, high re- 
sistance to corrosion, and a higher melting point. 


Plate Circuit Relays 


S TANDARD 
TYPE : plate circuit 
relays known as the 
LMR Series have 
been developed by 
Potter & Brumfield 
Mfg.Co. Inc., 
Princeton, Ind., to 
meet the demand 
for a medium cost 
relay in both single 
and _ double - pole 
contact arrange- 
ments. They are 
built in two sizes: Single-pole relays are 2% x 2% x 
1% inches, and the double-pole units are 2% x 2% 
x 2% inches. Sturdily constructed with extra large 
coils to provide good contact pressure at low cur- 
rent values, the relays have a standard adjustment of 
approximately 0.1-watt for the single- pole type and 
0.2-watt for the double pole, although lower values can 
be obtained if required. This series is available in six con- 
tact arrangements: Single pole, double throw; single pole, 
single throw, normally open or normally closed; double 
pole, double throw; double pole, single throw, normally 
open or normally closed. 





Steel Blind Fastener 


Oo RIGINALLY MADE only in aluminum, and then brass, 
the Rivnut is now being offered in steel by the manufac- 
turer, The. B. F. Goodrich Co., Akron, O. This one-piece 
internally threaded and counterbored tubular rivet which 
can be upset or headed from one side and used as a blind 
rivet, nut plate for attachment, or both, is available in 
threads of 6-32, 8-32, 10-32, 12-24; and %4-inch—20 thread 
and Ys-inch—18 thread. Special sizes are also furnished on 
order. An additional head style, the brazier head, has also 
been introduced particularly for the trailer and bus in- 


dustry. 


Heat Exchanger 


DEVELOPMENT OF a new heat exchanger has 
been announced by The Bird-White Co., 3119 West Lake 
St., Chicago 12. It is based on the principle of heat 
transfer for air and gas lines and offers, as a by-product, 
external heating applications and purification by centrif- 
ugal action. As an after-cooler, the unit is recommended 
for installation at the compressor discharge point. Hav- 
ing a liberal supply of external and internal cooling fins, 
the exchanger features a multiple action helicoid flight- 
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ing. The flighting is revolved at high speeds by t, 
velocity of the element, forcing the air or gas outwarj 
against the internal cooling fins. These fins rapidly gh. 
sorb the heat generated in compression, and dissipate th, 
heat to the outside atmosphere through external cooling 
fins, lowering the element to room temperature jn th 








length of the unit. By this cooling action, vaporigg 
moisture and oil suspended in the element condenses anj 
is entrained in a sump, assuring a moisture-free, cool@l 
element at the discharge point. Available for both flanggl 
and ‘screwed-type assemblies, for either manual or autp 
matic draining of the sump, the exchangers may be used f 
in tandem installations to any required length. 


Flexible Stainless Hose ; 
- 
IMIANUFACTURED BY the Carpenter Steel Co., Weld 
Alloy Tube Division, Kenilworth, N. J., flexible staid 
steel hose is being produced for applications where flexible 
connections are required between movable parts, or whet} 





vibrations are set up between two rigidly held units. Mate 
from stainless steel tubing of various analyses, the hosel 
also be used for flexible steam connections, flexible condiié 
for wiring, and intricate connections on lines carrying! 

rosive fluids. Additional information as well as the nali® 
of the fabricator of this type of hose may be obtained i " 
The Carpenter Steel Co., producer of the stainless $ r 
tubing. s 


New Type Check Valves a 
HAvING NO POPPETS, disks or other metal workill 
parts, a new Permatite valve has been designed by Harmat 
Equipment Co., 937 Santa Fe Ave., Los Angeles, 


REI 
Also 
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“HEN a technical magazine’s title 

and editorial field cease to match, 
then in all fairness to its readers and 
advertisers the title should be changed to 
fit the field. 

The scope of “Metals and Alloys” has 
in recent years been the selection and 
processing of materials for manufactured 
products. Obviously the name “Metals 
and Alloys” is both inaccurate and mis- 
leading as a designation for that editorial 
field. Therefore the magazine will hence- 
forth have a new name—‘Materials & 
Methods”—a name that perfectly fits its 
field—engineering materials and process- 
ing methods. . 

Unlike the old name, “Materials & 
Methods” accurately reflects the maga- 
zine’s long-established editorial coverage 


CT ae 


of non-metallic materials, along with 
metals, as an essential part of the mate- 
rials-selection problem. The new name 
also clearly indicates the magazine's 
approximately equal attention to the 
methods and equipment for processing 
materials, on one hand, and to the selec- 
tion and use of materials, on the other. 


Materials-selection and materials-proc- 
essing problems are inseparably related in 
the metal-working industries, and engage 
the attention of thousands of engineers, 
production men and metallurgists. Our 
editors, accordingly, view the two prob- 
lems as one. The new name acknowledges 
that policy—a policy which will be even 
stronger as we continue under the label, 
MATERIALS & METHODS. 


PROCESSING 


REINHOLD PUBLICATION 
Also METAL INDUSTRIES CATALOG 
CHEMICAL ENGINEERING CATALOG 


330 West 42nd Street, New York 18, N. Y, 
; PROGRESSIVE ARCHITECTURE-PENCIL PO!NTS 
‘Advertising Managers of AMERICAN CHEMICAL SOCILTY PUBLICATIONS 
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handling air, natural gas, any commercial liquid includ- 
ing petroleum, hot or cold water, and chemicals that will 
not attack synthetic rubber. The valve may be used as a 
foot valve, vertical, horizontal or angle valve in any suc- 
tion or discharge line, also as a mixing valve, pump 
priming valve or as an air compressor silencer. Back-flow 
is checked by a synthetic rubber tubing, which opens with 





either vacuum or pressure, permitting direct flow, and 
closes when the flow is stopped. According to the company, 
immediate deliveries can be made on valves rated at work- 
ing pressures up to 125 psi in 4%, % and 1-inch sizes. Other 
standard sizes are also available. : 


Rod End Spherical Bearings 


DEVELOPED BY The Heim Co., Fairfield, Conn., 
spherical bearing and spherical bearing rod ends present 
unusual freedom of movement, and provide greater carry- 
ing capacities, maximum misalignment, and longer life 
because of their ability to. take.greater radial and axial 
thrust loads. Outer casing of the. bearing or bearing rod 
end is-carbon steel, but is also available in Dural and 
other materials. The hardened and ground SAE 52100 





chrome steel ball inside the casing is ground as to width and» 


drilled and finished ground to close tolerance for a wide 
range of shaft diameters. Bronze bearing inserts are ex- 
panded over the ball and into interlocking relationship with 
the outer casing. A groove is left between the halves of 
the inserts for oil or grease lubrication. Some of the appli- 
cations of the rod end bearings include shoe machinery, 
electric fans, textile machinery, automobiles, washing ma- 
chines, and machine tools. 


Synthetic Aircraft Cowl Mountings 


f NSULATED AIRCRAFT cow] mountings impervious to 
oil, announced’ by. Bushings Inc., 3442 West Eleven Mile 
Rd., Berkley, Mich., have a high rate of vibration and 
shock absorption, and a high resistance to heat. Bond be- 
tween metal and synthetic is a mechanical rather than a 
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chemical bond. Thus, heat does not affect mounting un} 
temperatures beyond safe operation have been passed, T} 
mechanical bond permits the use of virtually any coq 
bination of rubber or synthetic with such widely diversifie 
materials as plastics, wood, steel, brass, powder bearing 
materials, etc. 


Bimetal Dial Thermometers 


BB IMETAL DIAL thermometers in 2, 2%, 3% anim € 
4%-inch dial diameters are now being produced } 
Marshalltown Mfg. Co., Marshalltown, Ia. Providing 
means of temperature indication of liquid or gas, thes 
instruments are available in a variety of temperaty 
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ranges. Standard scales are: —40 to 120 F; 20 to 240F, 
50 to 300 F, 50 to 400 F, 50 to 500 F, 60 to 220 F, 80 to 
270 F, and 40 to 140 F. The thermometers feature direct 
and positive actuation with no gears or pinions. Dial of the 
‘instruments is white with black figuring, graduated for 
easy and accurate reading. They are encased in a flangeless 
drawn steel case and ring, black-enameled and oven-baked. 
Connections are for %4-inch pipe thread for the smaller dal 
size, and %-inch for the larger. re Ai 
I 

hist 
$35 


Chain Conveyor Lubricant es 
But 
F oR HIGH-SPEED chain conveyors a new lubricant deli 
developed by Turco Products Inc., 6135 South Central T 
Ave., Los Angeles 1, provides good wetting action—0e the’ 
drop covering a large area with a thin and durable film. 
‘Marketed under the name of Botlube, it is nonstaining, the 
soapless, noncorrosive and contains no oil. The lubricant ing: 
is automatically dispensed through any simple conte vag 
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with a petcock and needle valve. mo! 
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Nondeforming Flat Ground Stock out 

mot 

DEVELOPMENT of a nondeforming flat ground “di 
has been announced by Simonds Worden White Co., Day 

ton, O. For small machine parts, this steel known as “ EA: 


True” offers economy in time and cost on precision 
eliminating more than 75 per cent of deformity, usually 
sulting from heat treating. Stock has black-oxide 
which inhibits rust and reduces friction on sliding surf 
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Scrap Heap 
into 
“Treasure lrove’ 


How RADIOGRAPHY reclaimed 
$35,000 worth of castings 
from an $840 scrap pile 


Aimost as dramatic as a Yukon “gold Strike,” here’s a case 
history of radiography speeding production... rescuing 
$35,000 worth of castings from the scrap pile... 

Costly, complicated to cast, these 40-pound housings de- 
manded—and received—the most precise casting technics. 
But in spite of all precautions, flaws were unavoidable . . . 
deliveries fell behind requirements. 

The suggested remedy was repair welds. But how could 
they be proved sound? 

How? The foundry used radiography to locate the internal 
irregularities ... then made the welded repairs and x-rayed 
them. Study of the new radiographs showed the repaired cast- 
ings to be acceptable. The 350 castings which were thus sal- 
vaged each month brought deliveries up to schedule—with a 
monthly saving of thousands of dollars. 

This case history—repeated in many industries—shows 
how radiography serves as a design and improvement tool... 
as well as an inspector. Tremendously increasing industrial 
output, under rigid inspection standards, radiography has 
more than “won its wings.” Tomorrow, it will be an even 
greater must. Why not investigate its possibilities for you, 
now? See your local x-ray equipment dealer. 


EASTMAN KODAK COMPANY, X-ray Division, Rochester 4, N. Y. 


RADIOGRAPHY 


Investigation dis- 
closes irregularity. 
A flaw typical of 
those ehuk slowed 
the foundry’s deliv- 
eries on these com- 
plex housings. 


Welding repairs the 
condition ..... BUT: 
Is the weld sound, is 
penetration satisfac- 
tory and metal well 
fused? Will the cast- 
ing meet inepottion 
requirements‘ 


Radiography ap- 
proves the repair: 
“Yes,” says this ra- 
diograph—welding 
has made the re- 
jected casting sound, 
sturdy, acceptable— 
and ready to use. 


ANALYZES ... INSTRUCTS... CORRECTS... IMPROVES 
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D. Robert Yarnall 


Hobart C. Ramsey 


D. ROBERT YARNALL, who for 

over a quarter of a century has been 

prominently and actively identified 

with engineering, has been nominated 

president of the American Society of Mechanical Engineers. Born in 
1878 in Delaware County, Pa., he was graduated from the University 
of Pennsylvania in 1901 with the degree of bachelor of science in 
mechanical engineering. In 1905 he received the degree of me- 
chanical engineer. He then went to work for Coatesville Boiler Works 
as engineer, and remained there for five years. His next position, also 
for five vears, was with Stokes & Smith Co., in a similar capacity. From 
1912 to 1918 he was vice president and general manager of Nelson 
Valve Co. During 1908, with B. G. Waring, he organized the firm of 
Yarnall-Waring Co., of which he is president at the present time. He 
is also president and director of James G. Biddle Co. For over forty 
years Mr. Yarnall’s work at design and construction in conjunction with 
his business, has resulted in many natents on valves and steam special- 
ties. He is an author of technical papers and has been active in many 
affairs of the societv of which he has been nominated president. In 1941 
he was awarded the Hoover Medal by the ASME and in the following 
year was made Doctor of Engineering by Lehigh university. 


Hobart C. RAMSEY, executive vice president of Worthington Pump 
& Machinery Corp., has in addition to his present position been elected 
president of Ransome Machinery Co. Born in Chicago, Mr. Ramsey 
graduated from Annapolis, Class of 1915. He served in the first World 
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Walter Parrish 
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War as Lieutenant Commander of tle 
U. S. Navy. Following his resignation le 
joined the Worthington organizatio 
where subsequent experiences qualified 
him for a later promotion to vice pres 
dent in charge of operations and mot 
recently to president of the Worthingin 
subsidiary, Ransome Machinery Co. h 
addition to his 25-year connection wih 
the Worthington organization, Mr. Ras 
sey is well known for his many iit 
and professional activities. 


WALTER PARRISH, who for the pa 
five years has been executive engine 
for the Superior Engine Division of th 





National Supply Co., has been appointed 
chief engineer of the Rogers Diesel 

Aircraft Corp. In his new position he 
will take charge of the engineering, ® 
search and development facilities of the 
parent company, as well as aiding in the 


formulation of engineering plans 
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The brewing of fine coffee is an art 
that has been reduced to a science 
by All-Lite Mfg. Co., of Chicago, 
manufacturers of the Urn-O-Matic 
which automatically controls: the 
af te brewing process. 


ion he 
. clays BY GUARDIAN Control the Brewing Cycle 
most 
ngton 







To make coffee by this method, the chef determines the amount of coffee 
desired and adjusts the dial accordingly then presses a push-button. 
This closes a snap-switch connected across the main circuit. When the 








- b predetermined amount of coffee is made a volume regulator actuates a 

wilh ‘Guardian relay mounted in combination with the snap-switch. An arm 

Ran- on the relay's armature returns the snap-switch to the “off” position yaa ee 

civ and stops the brewing operation. Relay and Snap Switch 


A simple application, yet one that calls for an accurate, dependable, 
sensitive relay. Operating on low voltage the relay must withstand 
jarring and heat, and possess high moisture resistance—specifications 
that you might ordinarily believe call for a specially built relay. 

past Actually the relay is Guardian's standard Series 120 with all the 


standard advantages of quick delivery, lower cost, available replace- 


; 24 
net ments. -— 


Series 120 A.C. Relay 





ce Whether your application calls for a standard or a special relay, write 

in us. Guardian engineers will recommend a unit most suitable to your 

| and needs. 

n he 

‘|  GUARDIAN(@ELECTRIC 
a 1601-M W. WALNUT STREET CHICAGO 12, ILLINOIS 
| for A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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the entire organization. He began obtaining experience 
for his present rich background in the automotive and 
diesel field in 1927, when he became associated with the 

_ Buda Co., first as assistant to the executive engineer and 
later as chief engineer for both gasoline and diesel en- 
gines. He also had charge of all the company’s experi- 

' mental and. laboratory “work, From 1938 he has been 
associated ‘with such companies as the Caterpillar Tractor 
‘Co., Cummins Engine €o., Packard Motor Car Co., and 
‘the Cojitinental Motor Co. in engineering capacities. 
He . has : member of the Society of Automotive 

} 1917, and recently was appointed vice 
“of the diesel engine activity for 1945, and a 

member of the National Council. 


Harris McIntosu has been named vice president in 
charge of engineering and production, Toledo Scale Co. 





+ 
a 


Dr. RuPen EksercIAN, consulting engineer, Edward G. 
Budd Mfg. Co., Philadelphia, has been awarded the Louis 
E. Levy medal by Franklin institute, Philadelphia, for his 
paper entitled “On the Reaction of Fluids and Fluid Jets”. 
He is well known in the fields of railway research on 
steam, diesel and lightweight trains, ordnance artillery de- 
sign and development of generalized dynamic methods for 
machine analysis. 

o 

Gustave. D. Cerr has been made chief engineer of 

Edison-Splitdorf Corp. Division of Thomas A. Edison Inc. 


a 


H. D. Marruews, connected with the engineering de- 
partment of W. M. Chace for more than ten years, has re- 
cently been named consulting engineer for the company. 


¢ 


A. J. Jeupe recently has been appointed assistant to the 
chief engineer of Busch-Sulzer Bros. Diesel Engine Co., 
St. Louis. He had been a design engineer for the same 
company. 

+ 

Wa TER L. Dray, former liaison engineer, Bendix Prod- 
ucts Division, Bendix Aviation Corp., South Bend, Ind., 
is now assistant chief engineer of the aircraft armament en- 
gineering department of the same company. 


¢ 


D. J. DescHamps, widely known in the field of fuel in- 
jection as president of Deschamps Fuel Injection Corp., 
has joined American Bosch Corp., Springfield, Mass., as 
consulting engineer.on gasoline injection. Mr. Deschamps 
had previously been very active in aircraft diesel engine 
development, and since 1935 has been associated with 
the design and development of gasoline injection equip- 
ment for aviation engines. 


o 


Ratpu S. Wurre has been made manager, engineering 
development, Ranger Aircraft, Engines Division, Fairchild 
Engine & Airplane Corp., Hagerstown, Md. 


« 


S. W. Sparrow has been appointed director of research 
and development for The Studebaker Corp. Other engin- 
eering appointments by the company include that of E. M. 
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Dovucuas, executive engineer for manufacturing and gy. 
vice; H. E. Cuurcuit1, chief research engineer and asgic 
tant to Mr. Sparrow; W. W. Situ, executive engineer in 


charge of body design and development; 
Jerrnies, chief truck engineer. 


° 


C. M. Bovarp has been promoted from chief draftsma 
to design engineer of Cooper-Bessemer Corp., Mount Veng 
non, O. Raupu H. ScHiosser becomes chief draftsman diam 
the company. 


and §, 4 


















* 


WatTeEeR A. HurLeMAN has been appointed chief ep. 
gineer, V. L. Graf Co., Detroit. He formerly had been gy. 
sistant chief engineer, Jacobs Aircraft Engine Co., Potig! 


town, Pa. 
& 


M. A. THorne recently has been transferred back to th § 
central engineering department, General Motors Cop, § 
Detroit, following his completion of an assignment ga 
chief engineer in the original design department, Fish te 
Tank Division, General Motors Corp. 


ArTHuR W. BENHAM jr. has become connected with 
American Airlines Inc., Loag Island, N. Y., in an engineer. 
ing capacity. He had been a field service engineer with 
Jacobs Aircraft Engine Co. 

AuBerT A. Prevost, who had formerly been in there | 
search division of the Mack Mfg. Corp., Plainfield, N. J,’ 
has joined the engineering department of the company, 
located in Allentown, Pa. 

e 

Cuar.es E. Crepe has joined the engineering staff ofth 
L. N. Barry Co., Cambridge, Mass. Formerly he was 
visor of the shock and vibration division at the Naval Re 
search Laboratories. Previous to that position, he was 
mechanical engineer on shock and vibration problems with ; 
the Bureau of Ships, Navy Department. F 


e 


James L. Ray, well known steam and gas-turbine eng- 
neer, will head the gas and steam-turbine engineering de- 
partment in San Francisco of Joshua Hendy Iron Works. 
Formerly Mr. Ray had been connected with Allis-Chalmers 
Mfg Co., as chief gas-turbine design engineer. 

Sd 


Joun G. WituuaMs has recently become associated with 
the Cochrane Corp., Philadelphia. He had _previowly 
been mechanical development engineer. 


¢ 


Joun J. Narcr, who formerly owned his own firm, & 
now engineer in charge of engine development, Menas® 
Mfg. Co., Burbank, Calif. 


* 

C. P. Pesex has been named administrator of enginee 
ing, Minnesota Mining & Mfg. Co., St. Paul. W. Ag 
Tuomas, assistant chief engineer, hes been made eng 
neering consultant on Mr. Pesek’s staff. J 

| ; 





oe 

C. V. Bruner, manager, gage and tool division, Pipe 
Machinery Co., Cleveland, is the new presidert of th 
Americ‘211 Society of Too] Engineers. 
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DECK ARRANGEMENT 
OF TYPICAL SHOVEL 


Controlled energy .. . swift and 
dependable . . . assured by rugged, 
Johns-Manville Asbestos Brake 
Linings and Clutch Facings! 
Wherever it is necessary to trans- 
mit power by means of clutches or to 
control motion by means of brakes, 
there is a J-M Friction Material that 
provides long life, economical oper- 
ation, and minimum tendency to 
score or heat check the friction 
surface. These mechanically strong 
friction materials are available in a 





| Johns-Manville 
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wide variety of rigid and flexible 
styles. Call on a Johns- Manville 
Engineer to help you select the right 
friction materials for your design. 


y 7 7 


For further information, in- 
cluding handy recommendation 
charts, write for the J-M industrial 
Friction Materials booklet (FM-7A). 
Address Johns-Manville, fi 
22 East 40th Street, New 
York 16, N. Y. Ul 











et is 


an min i) 


—— 





Sage ee Sten enna A 


ASSETS to a BOOKCASE 


Manual on Design and Application of Leaf Springs 


Published by the Society of Automotive Engineers 
Inc., New York; 37 pages, 8% by 11 inches, paper- 
bound, available through Macutne Desicn, $1.00 post- 
paid to SAE members, $2.00 to nonmembers. 


A guide to designers of leaf spring installations, this new 


manual contains numerous figures, tables, and detailed 
calculations as well as data on spring materials, their sur- 
face finishes and protective coatings and manufacturing 
considerations. Covered in the text are general char- 
acteristics of leaf springs, nomenclature and_ specifica- 
tions, requirements, drawings and tolerances, design ele- 
ments, and design calculations. 

Basic considerations of interleaf friction—a primary 
factor in the achievement of a successful leaf spring—are 
discussed as are design and operating stresses for attain- 
ing minimum weight and satisfactory operation. A chap- 
ter is devoted to the cold working of spring materials. 

This manual was prepared under the direction of the 
SAE W.E.B. Spring Committee and the Leaf Spring Sub- 
committee. Engineers of these committees represent the 
leading vehicle manufacturers, spring suppliers, Army 
consultants and specialists. 


OS ao 


Mathematical and Physical Principles 
Of Engineering Analysis 


By Walter C. Johnson, associate professor of elec- 
trical engineering, Princeton University; published by 
McGraw-Hill Book Co. Inc., New York; 346 pages, 
5% by 8% inches, clothbound; available through Ma- 
CHINE Desicn, $3.00 postpaid. 


Based on a course in engineering analysis developed by 
the author over the past six years, this book presents the 
essential mathematical and physical principles of great im- 
port to engineers, especially those engaged in analytical 
work. Developed around practical information drawn 
from many divergent fields of engineering, problems main- 
ly mechanical and electrical are presented emphasizing 
basic physical principles and physical reasoning. 

The author devotes considerable attention to procedures 
in setting up equations, methods of attack, the use of as- 
sumptions, the use of mathematics for accurate and quan- 
titative reasoning, and the physical interpretation of mathe- 
matical results. The conservation of energy, Newton’s 
laws, d’Alembert’s principle, conservation of momentum, 
principle of virtual displacement, Kirchhoff’s laws, induced 
voltage, constant-flux linkages, and energy stored in induc- 
tive circuits are covered. A chapter of particular interest 
to engineers treats the checking of equations by dimen- 


182 


























sional and limiting-case methods of determination, 

Mathematics presented is dealt with from a broad gi 
unspecialized point of view to provide not merely anofhy 
abstract and specialized tool but rather a key to help op, 
the door to a clear and quantitative understanding g 
many important physical concepts and phenomena, Thi 
understanding attained, engineering problems and a nal 
can be handled the more intelligently and surely with hig 
ly accurate final solution. : 


fe © ae 
ra 
Secrets of Industry : 


By Lewis C. Ord; published by Emerson B 
Inc., New York; 255 pages, 5 by 7% inches, 
bound; available through Macuine Desicn, 
postpaid, 





Intimately interwoven into a history of world econo 
development over the past thirty or forty years #fi 
story of the principles of true low-cost mass produto 
The author, an outstanding consulting engineer and mas} 
production expert, makes a comprehensive and up 
study of industry, labor and management to emphi 
the importance of industrial efficiency in succes 
achievement of real mass production. oe 

Of tremendous interest to either engineer or exectiit 
concerned with mass output of any kind or variety d 
parts or machines, this book outlines in clear, conte 
form an overall analysis of the so-called “secrets” of 
dustry. Manufacturing and marketing methods, not offer 
apparent or available to the ordinary observer, discusted 
against a background of industrial experience in Me 
United States, England, Canada, Europe, and Aust 
presents a new and vital story of sound, properly-impe 
mented mass production, what its benefits can yield i 
prosperity for postwar America and ultimately the wel- 
fare of the whole world. 





Practical Design for Arc Welding, Vol. III 





Third and final volume of this interesting series bring 
to the designer in addition to further “idea stimulates 
some valuable kinks on what not to do in designing 
arc welding. Seeing firsthand some of the methods adopt 
ed in solving many complex design problems outlined} 
the author can be a great help to designers confronlet 
with somewhat similar problems. 

Presented by means of pictures and symbols as in 
previous editions by author Robert E. Kinkead, consul 
ing engineer on welding, the book is published by 
Hobart Bros. Co., Troy, Ohio. Containing 100 des 
plates, 8% by 11 inches, it is clothbound and is availdl 
from the Hobart Co. at $3.50. ‘ 
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FLEXIBLE NOS® a“, LINES 





DEPENDABILITY ~— NOW READY FOR 


PROVEN IN | ALL INDUSTRY 
WAR! : eo ibaa, juss 
ene las = 


Over 5 million | a 


hose lines 3 PIECES—EACH REPLACEABLE 
DETACHABLE and REUSABLE FITTINGS 


. e * 
Ga n d es mi I I i Oo n Fittings can be removed from hose 
£ . and reused over 100 times. 
self-sealing 
ASSEMBLY WITHOUT SPECIAL TOOLS 
7 
cou fa | Ba 1S | Ss on No tightening or adjustment after 


assembly. 


U.S. Arm y an d €} UNIVERSAL APPLICATION 
s Low—medium and high pressure. 
N ie | vy Al rcera ft Subzero to high temperature. 
Oil — fuel — water — air and many 
other chemicals. 














=~wleroquip 
SELF-SEALING 
COUPLINGS 


allow disconnection of liquid 

carrying lines without loss of 

fluid and reconnection with- 
out inclusion of air. 


jesig§ SALES OFFICES: Los Angeles 14, California, 1709 W. 8th St.; Houston, Texas, 1104 Commerce Bldg.; Hagerstown, Maryland 


AEROQUIP CORPORATION, JACKSON, MICHIGAN, U.S.A. 
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@ LOWER PUMPING COSTS 
© SUSTAINED PUMPING CAPACITY 
@ PUMP DEPENDABILITY 


Write for 
Bulletin 
No. 306 


FACTS 
ABOUT 
ROTARY 
PUMPS 





which explains why the ‘‘Bucket Design’”’ 
(swinging vane principle) maintains 
pumping capacity by automatically com- 
pensating for wear and how the buckets, 
when finally worn out, are easily re- 
placed and the pump restored to its 


normal capacity. 





WE DESIGN AND BUILD SPECIAL PUMPS 
OUR ENGINEERS ARE AT YOUR SERVICE 


BLACKMER PUMP COMPANY 
1970 Century Avenue Grand Rapids9, Michigan 


POWER PUMPS - HAND BUMDS 
- EZY-KLEEN STRAINERS - 
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Transition Briefs 


ONFIDENCE in the future of business is express 

by the oversubscription of $20,000,000 for the Kaisa 
and Frazer venture in the automotive field. To be built; 
Willow Run, the Frazer will be a medium-priced car am 
the Kaiser a low-priced car about the size of a Chevrok 
Both cars are expected to be in full production by M 
and, according to the builders, will have many mode 
mechanical features. Designs, however, will not be freaks 
they will involve only time-tested units. By summer 20f 





















cars per month will be running off the production lines) 


ROTOTILLERS, land-cultivation implements built! 
Graham-Paige, will again be in production by Decem 
Manufacturing facilities are being provided at Willow 
and the implements will be under production there | 


January. 


ACCUMULATION of civilian orders will keep iit 
Package Machinery Co. at peak production levels forg 
least two years with a production staff almost double that 
of prewar years. Among recent design innovations inf 
company’s machines have been automatic units which 
and seal 70 quart paperboard oil containers per 7 
and machines which wrap 7%-pound coal blocks at the 
rate of 24 per minute. : 


ULTRAMODERN $2,000,000 research laboratory an 
experimental center is part of the immediate peaceti 2 
pansion program of the Allegheny Ludlum Steel Com 
With the new facilities, an intensified program of fundm 
mental and applied research will be devoted to stainless, 
magnetic, valve, tool and other complex steels. 


DIVERSIFICATION and expansion program of t 
Aviation Corp. has taken another step in the acquis 
of controlling interest in New Idea Inc., manufac 
farm machinery and equipment. This follows the recei 
purchase of control of the Crosley Corp., makers of hous 
hold appliances. : 


TWENTY YEARS of progress in research has been made 
by the plastics industry during the past five years. As a Ie 
sult there will probably be an increase in employment in 
returning to a peacetime basis. If the United Nations c0t- 
tinue dismantling the German plants, American industy 
will strengthen world leadership and the fruits of our i 
search will begin to appear. 


POWDER METALLURGY applications will be served 
by a new consulting service announced by R. H. Khuet, 
formerly sales manager of Chrysler corporation's powde 
metal division. Better understanding of economies 
special design features available with this technique wd 
be promoted by the new organization. 
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Molybdenum is an economical preventive 
of temper brittleness in cast steel. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING i \ MOLYBDIC OXIDE, BRIQUETTED OR CANNEDe 
DATA ON MOLYBDENUM APPLICATIONS. wed FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 
_ > 
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BUSINESS AND 
SALES BRIEFS 


| TOOL CO., Waynesboro, Pa., has promoted R, f 

Ingram to secretary and vice president. He is succeede| 
as general sales manager by W. P. Lotz, who previously seryej 
as eastern sales manager. 


ns | 


e 


With headquarters in the Architects & Builders building 
Joseph Edie has been named Indianapolis branch managy Ww 
of Jessop Steel Co. Prior to his appointment Mr. Edie haj 
been sales representative for the company in Cleveland. 


a7 


Establishment of a West Coast plant at LaVeme, Culif, fai 
has been announced by Taylor Fibre Co. William Rose, op. 
nected with the company for more than twenty-five yea, the 
will be in charge as manager of the new plant. Associated fly 
with him in a sales capacity will be Edgar B. Howard Jr, a | 
present serving as West Coast representative in Los Angeles. hiz 


A 


Formerly general sales manager, Edward W. Ward has “ 
been elected vice president of Celanese Plastics Corp., a wholly 
owned subsidiary of Celanese Corp. of America. 


e: ‘ 


Transfer cf the executive, sales, engineering, procurement ta- 
and accounting departments of Lear Inc. to 110 Ionia Ave, tar 
N. W., Grand Rapids 2, Mich., has been made recently. cel 
Production will continue at the plants in Grand Rapids, and we 
in Piqua, O. 


+ 
Oscar Nuss has been named district manager of the Indus} sy, 


trial Rubber Products Division of Thermoid Co., Trenton, N. J, 
and will make his headquarters at the plant in Los Angeles 


In his new position he will serve the southern Califomis, IF 
New Mexico and Arizona areas. cf 
‘ fs 

me 





Acquisition of a new factory building at West Wares, 
Mass., has been announced by Teckna Co., Bayside, Ny 
The factory will be used for the finishing of cast 
well as thermoplastics. 









® 


Previously associated with the Bullard Co., Robert H. oye 
has been appointed sales engineer of The Osborn Mfg. @ 
Cleveland. 


Steps have been taken by Square D Co. to double 
size of the present plant in Milwaukee. As soon as plam 
completed, construction can begin on the large tract of 
already owned by the company which is immediately adj 
to the plant. 


® 


Opening of a West Coast office at 5607 West Adams “7 
Los Angeles, has been announced by Robert Hetherington & 
Son Inc. of Sharon Hill, Pa. Sales will be under the directio 
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Prevent Failure 


OF CRITICAL PARTS 


with Surface - Hardened 
STAINLESS 


No chances can be taken that critical parts will 
fail in life-saving equipment like this aircraft crash 
truck. When in operation the nozzle must move 
freely and easily so that the operator can “sweep” 
the flaming gasoline away from the trapped 
flyers with the high-pressure water stream. 

Even under the terrific force developed by the 
high-velocity jet, the bearings in the swivel joints 
of the nozzle must not bind or seize. And of 
course there must be no rust or corrosion to im- 
pede the smooth action of these bearings. 

That is why Samuel Eastman Company installs 
bearings of Surface-Hardened Stainless Steel in 
the swivel joints of the nozzle. 

With the new Surface-Hardening Process 
(Malcomizing), it is now possible to take advan- 
taze of the inherent strength and. corrosion-resis- 
tance of stainless steel, and at the same time to 
cet wear-resistant surfaces cas hard as 95 Rock- 
well 15N (73 Rc). 

Wherever remarkable ability to stand up under 
abrasive wear, combined with resistance to heat, 
corrosion, and oxidation will prevent failure of 
critical parts, you should consider the Stainless 
Surface-iardening Process. 


For More Information 


If you want to know more abovt the advantages 
cf tis new process and how you can use it, write 
fsr the technical bulletin. If you wish, one of our 
metallurgical engineers will discuss it with you. 


55 
HG 




































CAMBRIDGE 41 





JLMCo CS-L1 


STAINLESS SURFACE HARDENING CO. 


263 BENT STREET 


MASSACHUSETTS 


SUBSIDIARY OF INDUSTRIAL STEELS, INC. 
America’s Largest Warehouse for Stainless Sheets, Bars, Tubings, Wire, Valves, Fittings, Electrodes and Hardware 
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 §906 Maurice Avenue 
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OHIO 


STREAMLINED 
INTEGRAL MOTORS 





' Type P-2 or 3 Phase, 60 cycle 


Voltages—110, 220, 440 and 550 
Squirrel Cage Rotor, dynamically balanced 
Normal torque; Constant speed; Ball bearing; Fully 
enclosed ; 
Plain barrel frame or rigid base for Floor; Sidewall or 
Ceiling mounting. 
Sizes—14-34 and 1 HP at 850 RPM 
34-1 and 14 HP at 1150 RPM 
1-114 and 2 HP at 1750 RPM 
1-114 and 2 HP at 3500 RPM 


Same sizes 50 cycle at 5/6 of above speeds. Odd voltages 
and cycles available. Shaft length and lead outlet to 
suit. A quiet running motor with minimum vibration. 








OHIO) MOTORS INCLUDE 


Torque to 100 oz. ft. 

Pole to 1/30 HP 
Synchronous to 1/4 HP 
A.C. to D.C. Motor Genera- 

tors to 500 watts 


oe Induction to 


Current to 1 HP 
Ca; tor to 2 HP 
Polyphase to 2 HP 











Aircraft Motors High to Low Vol D.C. 
Shell Type to 7144 HP Dynamotors up to watts 
What is your problem? 


THE OHIO ELECTRIC MFG. CO. 


| Cleveland, Ohio 
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-, the Fort Pitt Division, the foundry will specialize in the p* 





of C. E. Fisher, formerly connected for fifteen years wit, 
Glenn L. Martin Co. of Baltimore, Md., but most recently ep. 
gaged in sales work on the West Coast, while engineering wil 
be under the direction of L. E. Massie who will operate fron 
the new office. 


e 


Associated with the company for over ten years, Walter }, 
Chick has been appointed district manager in the nor}, 
west Pacific Coast area of the Industrial Rubber Produg 
Division of Thermoid Co., Trenton, N. J. Mr. Chick will } 
located at the San Francisco branch office, 895 O’Farrell §. 


¢ 


Recently announced by The Foxboro Co. is the addition ¢ 
Clarence Leslie Williams to the New York staff of sales eng: 
neers at 420 Lexington Ave. Mr. Williams has been assigns 
to cover the northern New Jersey territory. 


¢ 


Acquisition of a 29 acre industrial tract on the East Water. 
way, Seattle, Wash., has been made by Monsanto Chemical Qp, 
through its Seattle subsidiary, I. F. Laucks Inc. A new mod. 
ern plywood adhesives plant will be erected. 


o 


Opening of a direct factory branch sales office at 4427 Man 
chester Ave., St. Louis, has been announced by The Lincoln 
Electric Co. The new branch will be under the direction of 
B. J. Brugge, welding engineer and district manager of sales 
and service, who has been connected with the company since 
1931. 

+ 


With headquarters at St. Louis, Frank C. Cline has sw- 
ceeded Dan M. Galvin as acting manager of the Southwestem 
district of Westinghouse Lamp Division, which includes Mi- 
souri, Kansas, Colorado, Texas, Oklahoma, Arkansas, New 





Mexico, and parts of Wyoming, Mississippi, Tennessee, South 
Dakota and Illinois. Succeeding Mr. Cline is George S. Craw 
ford as special representative in the Northwestern district, wi 
headquarters at Chicago. 


¢ 


Establishment of a subdivision devoted exclusively to A 
cision casting of small’ intricate parts has been announced by 
The Cooper Alloy Foundry Co. Located at 123 Van <a 
St., Newark, N. J., the new division is known as Precis 
Castings Corp. 

+ 


Made known recently by Bearing Products Co. of Philadel 
phia is the purchase of the line known as R-S standard 
bearing covers from R-S Products Corp. «. 


* 
o 


Formerly president and general manager of Hydraulig Press 
Mfg. Co., Howard F. MacMillin has joined the industrial 
search organization of Arthur D. Little Inc., Cambridge, Mas 





He will direct the application to industry 4of developmell 
made by the company in the mechanical engineering 
@pplied physics fields. 


e 


Purchase of the plant and equipment of Fort Pitt Sted 
Casting Co., located at McKeesport, has been announced 
*Pittsburgh Steel Foundry Corp., Glassport, Pa. Knows ® 
duction of small carbon and alloy steel castings, ranging fro 
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; Speciolists in engineering 
Production, and finishing 
of copper-base alloy parts. 
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give you controlled quality 
and uniformity... eliminating 
costly production losses 


In resistance welding, lack of uniformity in electrodes and wheels means “time out” 
to adjust current, time, and pressure settings—resulting in costly production losses. 


At Ampco, control of quality and uniformity — both absolutely necessary in 
this exacting field — are kept under close supervision of laboratory technicians 
throughout the entire production cycle, resulting in increased productive time. 


Ampco resistance welding products comply with all RWMA specifications. 
Included in the line are spot welding electrodes; seam welding wheels; centrifu- 
gally cast seam welder bushings; seam welder shafts; flash and projection welder 
dies; extruded and drawn rounds; and many others, 


To reduce your welding costs, standardize on Ampco’s line of résistance weld- 
ing electrodes. You are assured of all-important uniformity . .., consistently, You 
cut. “down-time” to a minimum , . . you speed production — and, finally, you 
get more service from. each electrode..Complete details are given in Bulletin, 68. 


Write for your copy. Your request will receive prompt: attention. 
cao ~ 7 ; Yd 7 : 


- AMPCO METAL, INC, Department MD-11 MILWAUKEE 4, WISCONSIN 
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MOTR? 


... that convinces many 
experts it is the fimest ever 
engineered? 


Specially designed Star 
Brake Motor for eleva- 
tor duty on LST vessels. 


There are two ways to answer that one... 


We can give you a long list of makers of cranes 
and hoists who have used the Star Brake Motor 
... and let them tell you what there is about it 
that makes it so good... why they prefer STAR. 
Crane and hoist duty really tests out a brake 
motor! Name your field, if you’d prefer to check 
another — Star Motors are widely used whenever 
service is tough. 

Or, we can give you the details about the Integ- 
ral Disc Brake which Star designed and perfected. 
You'll see why this Brake is noted for sureness 
in operation . . . why it stays accurate and effec- 
tive, without adjustment . .. why it leads to 
compact design. 

There are plenty of superior features that you 
should know about before you pick a Brake 
Motor for your product or your production line. 
Write us for the facts. Star Electric Motor Co., 
200 Bloomfield Ave., Bloomfield, N. J. 


STAR MOTORS 
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POWER PACKAGED AS YOU NEED IT 











¢ 


one pound to 100,000 pounds. T. F. Dorsey, formerly assis. 
ant sales manager of the company, has been named gener 
manager of the new division. 


S 


Recent appointments made by The Dow Chemical Co, of 
Midland, Mich., include those of Donald Williams as general 
sales manager and Donald K. Ballman as assistant general 
sales manager. In his new position Mr. Williams, who had 
been assistant general sales manager since 1933, succeeds 
Leland I. Doan. Mr. Doan, in addition to his position ag 
vice president of the company, has become director of sales. 


o 


A permanent office at 718 Leeland Ave., Houston 2, Ter, 
has been established by E. L. Stacey, southern Texas repre. 
sentative for Federal Products Corp. 


« 


Organization of Prince Industrial Plastics Corp., 7500 Stan. 
ton Ave., Cleveland, has been announced by Warren V. Prince, 
previously manager of the Plastics Division of The Weather. 
head Co. The new company will design and produce parts 
for compression, transfer, and injection molding. 


o 


Among other appointments General Electric Co. has named 
the following to head newly organized sections in the Contnl 
Division, which formerly was known as the Industrial Control 
Division: William M. Anthony, sales manager, industry con 
trol section; Edward S. Bush, sales manager, appliance and 
aircraft control section; and S. V. W. Dockstader, sales man- 
ager, general purpose control section. 


¢ 


Previously chief materials engineer with Carl L. Norden 
Inc., U. R. Jaeger has been made sales engineer in the New 
York district of the Industrial Division of Aluminum Indus 
tries Inc., Cincinnati, O. He will make his headquarters in 
the New York sales office, 9 Rockefeller Plaza. 


¢ 


Appointment of Franklin P. Clark as sales manager has been 
announced by The Upson-Walton Co. of Cleveland, manv- 
facturer of wire rope, fittings, etc. Recently with the Nav 
Bureau of Supplies and Accounts, he formerly had been a 
sociated with The Jones & Laughlin Steel Corp. of Pittsburgh. 


S 


Recently made known by The Timken Roller Bearing Co. 
Canton, O., is the return of L. H. Gegenheimer after a four 
year leave of absence for war duties in Washington. Mr 
Gegenheimer will serve in his former capacity as sales en 
gineer in the Industrial Division. 


o 


Allegheny Ludlum Steel Corp. has announced a $5,000,000 
postwar research and production expansion program which it 
cludes construction of an ultra-modern research laboratory and 
related experimental and pilot plant equipment at company 
headquarters at Brackenridge, Pa., and construction of a cold 
rolling mill for rolling stainless and silicon strip steels, at West 

‘ Leechburg, Pa. 


¢ 


With offices at 2450 Hubbard St., M. N. Weber has beet 
named Detroit sales representative for Trimount Instrument 
Co., Chicago. He had been connected with the research 
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IT’S DIFFERENT because it doesn’t attempt 
to give you a lot of general technical data about 
motors and motor selection. 

This eight-page file-size folder assumes that you 
know what type of motor you need. It was designed 
to tell you, quickly, about STAR as a source of 
motors and generators. It shows what sizes and 
types are built by Star. It describes Star’s way of 
working with customers... how Star becomes their 
“Motor Department”. It gives facts about Star’s 


STAR (1- 
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POWER PACKAGED AS YOU NEED IT 
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May bind of 


DIGEST FOR MOTOR BUYERS 


pioneer achievements in motor design. It names 
many hard-to-satisfy motor buyers who are long- 
time customers. 

To bring your file on leading motor sources up- 
to-date ... to learn why so many prominent con- 
cerns are turning to Star Motors to power their 
products and production . .. attach the coupon 
below to your letterhead. It will also register 
you to receive the Complete Catalog which is in 
preparation. 


200 HP) MOTORS | 


he Products 
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One of the plus ad- 
vantages of HI-DENSITY 
Lead is that complete 
opacity is obtained 
without going to a soft 
degree. Consequently 
it's easierto keep draw 

smudge-proof 
Try an H, 2H, or 3H 
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laboratories of Continental Aviation & Engineering Corp, De. 
troit. M. S. Jacobs, formerly instrument engineer for The 
Koppers Co., Pittsburgh, has been chosen sales representatiys 
for Trimount in the Pittsburgh area, and will make his head. 
quarters in the Bessemer building. 


o 


According to a recent announcement by United States Gauge 
Co., W. S. O'Connor has been promoted to national figlj 
sales manager and will assist L. L. Corcoran, sales manager, 
Succeeding Mr. O’Connor is H. M. Bear as district manager 
of the sales territory covered by the New York office. 


¢ 


To serve as its representative in Oklahoma, southern Keunl 


and southwestern Missouri, Ampco Metal Inc. has appointed 
N. A. Doolittle, 1850 East 16th Place, Tulsa, Okla. He wi 
handle the sale of castings and other bronze specialties ¢ 
the company. A number of counties in southeastern Tex 
have been assigned to W. W. Swan, Carondelet building 
New Orleans, La., in addition to the states of Louisiana, Ah. 
bama and Mississippi which he has been covering. 





Meetings and 
Expositions 


Nov. 16-17-— 

National Metal Trades association. Forty-sixth annual convention to 
be held at Hotel Cleveland, Cleveland. Charles L. Blatchford, 122 South 
Michigan Ave., Chicago 8, is secretary. 


Dec. 3-5— 

Society of Automotive Engineers Inc. National air transport engineetiig 
meeting to be held at Edgewater Beach Hotel, Chicago. John A, 6 
Warner, 29 West 39th St., New York 18, is secretary and general manager, 


Dec. 16-19— 

American Institute of Chemical Engineers. Thirty-eighth annual med 
ing to be held at Stevens hotel, Chicago. S. L. Tyler, 50 East 41st St, 
New York 17, is executive secretary. 


Jan. 7-11— 

Society of Automotive Engineers Inc. Annual meeting and engineefifg 
display to be held at Book-Cadillac hotel, Detroit. John A. C. Wamet, 
29 West 89th St., New York 18, is secretary and general manager. 


Jan. 21-25— 

American Institute of Electrical Engineers. Winter convention to & 
held in New York, N. Y. Additional information may be obtained fom 
headquarters of the Society at 88 West 39th St., New York 18, HE 
Henline is secretary. 


Feb. 4-7— 

American Welding Society. National meeting to be held in conju 
tion with the National Metal congress and exposition to be held at Public 
Auditorium, Cleveland. Headquarters will be at Hotel Cleveland. M. & 
Kelly, 88 West 39th St., New York, is secretary. 


Feb, 4-8— 

American Institute of Mining and Metallurgical Engineers. Ni 
meeting of the Iron and Steel, and Institute of Metals divisions to be 
in conjunction with the National Metal congress and exposition, 
Auditorium, Cleveland. Headquarters will be at Hotel Statler. F 
Sisco, 29 West 39th St., New York, is assistant secretary. 


Feb. 4-8— : 
American Society for Metals. Postponed 1945 annual convention ® 

be held in conjunction with the National Metal congress and 

Public Auditorium, Cleveland. Headquarters will be at Hotel Statler. 

W. H. Eisenman, 7301 Euclid Ave., Cleveland 3, is secretary. 


Feb. 6-8— ~ oe : 

American Industrial Radium and X-Ray society. Annual convention ® 
be held in conjunction with the National Metal congress and e 
Public Auditorium, Cleveland. Headquarters will be at Hollenden holt 
Phillip D. Johnson, 25 East, Washington St., Chicago, is secretary. 
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Useful life of sleeves, liners and 
similar parts cast in iron can be 
greatly lengthened by suitable 
additions of Nickel to a properly 


adjusted base mixture. Counsel 


and data to help you in the selec- 
tion, fabrication and heat treat- 
ment of ferrous and non-ferrous 


metals is available upon request. 


Sori recibir aiStaaatec ibe ere ie ie ti tits insist ttt Nitrate in BAe tines Boi 


THE INTERNATIONAL NICKEL COMPANY, INGeSutiheste 
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NEW MACHINES- 


And the Companies Behind Them 


Asgricultural 
Duster, Niagara Sprayer & Chemical Co. Inc., Division Food 
Machinery Corp., Middleport, N. Y. 
Construction 
Cement batching plant, C. S. Johnson Co., Champaign, III. 
Half-bag tilting mixer, The T. L. Smith Co., Milwaukee 10. 
Two-yard front dump scrapers, La Plant Choate Mfg. Co. Inc., 
Cedar Rapids, Ia. 
Domestic 
Portable washer, Menasco Mfg. Co., Burbank, Calif. 
Refrigerators, The Crosley Corp., Cincinnati 25. 
"Clothes and dishwasher, The Hurley Machine Div., 
Household Utilities Corp., Chicago. 
*Home freezing unit, General Electric Co., Bridgeport, Conn. 
"Rotary ironer, General Electric Co., Bridgeport, Conn. 
*Electric range, Edison General Electric Appliance Co. Inc., 
Chicago, 


Electriz 


Finishing 
Portable type parts cleaning machine, Park Chemical Co., 
Detroit 4. 
Blow-gun, Lonn Mfg. Co. Inc., Indianapolis. 
Food 
Automatic continuous short-cut macaroni press, Clermont Ma- 
chine Co. Inc., Brooklyn. 
Combination ice cream mixing and freezing machine, United 
Dairy Equipment Co., West Chester, Pa. 
Industrial 
Pipe cleaning tool, Spartan Tool Co., Chicago. 































High weighing capacity scale, Yale & Towne Mfg, Gy 
Philadelphia Div., Philadelphia 24. * 
Inter-communication plant control system, Simplex Time Re 
corder Co., Gardner, Mass. 


Materials Handling : 

Cab-operated double bucket carrier, Cleveland Tramrail D 
The Cleveland Crane & Engineering Co., Wickliffe, 0, 
Hydraulic lift truck, Lyon-Raymond Corp., Greene, N, Y, 


Metalworking 
Die casting machine, Light Metal Machinery Inc., Erie, P 
Automatic lathe, The Lodge-Shipley Machine Tool 
Cincinnati 25. 
Single or multiple drilling and boring machine, Le Maire To 
& Mfg. Co., Dearborn, Mich. 4 
Internal gear shaving machine, National Broach & Machine 
Co., Detroit 13. Z 
Four center-driven lathes, Snyder Tool & Engineering Co, 
Detroit 7. 
Office ap 
Inter-communication system, Talk-A-Phone Mfg. Co., Gi 
cago 23. 4 
*Electronic dictating machine, The Dictaphone Corp., 
York 17. 
Photographic 
*Slide projector, Bell & Howell Co., Chicago. 
Textile 
Blanket washer, Rice & Barton Corp., Worcester, Mass. 
Ring twister, Atwood Div., Farrel Birmingham Co, 
Stonington, Conn. 
Preboarding machine, Turbo Machine Co., Lansdale, Pa. 


*Illustrated on Pages 152-154 





344 tee BALDOR STREAMCOOLED MOTOR 





Arrows indicate air travel over ENTIRE EXTERIOR 
of Baldor Streamcooled Motor. 
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This ALL-PURPOSE MOTOR will simplify your 
Designing, Purchasing, Production and Inventory. — 
Check these features with your motor specifications: 


BALDOR ELECTRIC COMPANY, St. Louis 10, Mo. 


PLAN YOUR POST-WAR MOTOR REQUIREMENTS Wow. Get the Latest BALDOR Bulletins 














1. Totally enclosed — ball bearing. 
2.. Drip-proof; splash-proof; grit-proof; lint-proof. 
3. Horizontal, vertical and side wall mounting. 
4. Removable base. 
5. End plates interchangeable for face mounting. 
6. Standard NEMA dimensions. 
7. Standard or glass insulation. 


District Offices in Principal Cities 





Macuine Desicn—November, 


